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PREFACE

This report, which is intended to provide basic instruction for new I
users, is published in two volumes. Volume II: Equations and Logic is

published in three parts for user convenience:

Part A: Input and Executive Modules

Part B: Trajectory Tracking and Reconstruction

Part C: Trajectory Generation

Information needed for day to day TRP operation is provided in the

Milestone 7 Report, which is published as TR-0075(9320)-4.
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SECTION 1

INTRODUCTION

The Trajectory Reconstruction Program (TRP) system consists

of vehicle simulation subprograms designed and written in FORTRAN fcr

CDC 6600/7600, IBM 360/370, and UNIVAC l08/1110 series computers.

The overall simulation system has been designed to accommodate extreme

variations ii vehicle configuration, flight profile, and mission objective and to

provide a fasE reacti a to specific simulations at minimal cost. Note that this

simulation system consists of a family of zomputer subprograms from which
a judicious selection can be made to form a specific simulation system for a
particular simulation task.

The TRP system is a valuable analytical tool that can be used

in a wide variety of ways in many phases of the design, development, and

mechanization of aerospace vehicles (e. g., guidance analysis, computer

simulation, subsystems modeling, trajectory design, launch support, mission

simulation, environmental modeling, postflight reconstruction, and error

analysis).

Two major design features of the TRP system make it general

and versatile:

• The selection and organization of functional units

• The manner in which flight profiles are presented to
the program

With regard to functional organization, generality and versatility are obtained

by the modular construction coii,-pt. The TRP system is an integrated set of

functional units called modules; each module contains selectable models that

can be used for specific simulation purposes.

With regard to the second major design aspect, each flight

profile is defined as a sequence of trajectory phases, each phase initiated by

an event. At each event, the necessary data and criteria associated with the

1-1



next phase are processed and assigned to the module for which they are

required. Many specific design and mechanization problems are connected

with this aspect of the TRP system; however, successful development of the

techniques necessary to accommodate varying flight profiles has produced a

generalized simulation system characterized by simple, low-cost operation;

versatility; growth potential; and fast reaction times to specific simulations.

From its conception, the TRP system has been designed to

accommodate either three or six degree of freedom simulation requirements.

TRP also features multiple vehicle simulation, system error analysis, and

postflight reconstruction capabilities.

This Milestone 2/3 Report contains a detailed description of

TRP structure and design. It is intended to provide basic instruction fnr
i

new users, not the information needed for day to day TRP operation. This

report is published in two volumes: Description and Overview (Vol. I) and

Equations and Logic (Vol. II). Volume II is divided into Parts A, B, and C

for user convenience. Part A describes the input and executive modules,

Part B describes the trajectory tracking and reconstruction modules, and

Part C describes the trajectcry generation modules.

This section contains a general description of TRP functional

design, mission profile specification, and data input techniques. Trajectory

generation features and capabilities, parameter reconstruction and data

matching, and error analysis are discussed here, and the major observation

data types are also listed.

The YEOMAN system is described in Sec. 2. Flow charts

and equations are presented, along with a description of input and output

variables. Various coordinate systems and types are described in Sec. 3.

Interface details (including data storage, card and tape input mechanics,
output types and destinations, control and operating system interfaces,

and storage and timing requirements) are discussed in detail in Sec. 4.

I2
1M. J. Rademacher and W. F. Rearick, Trajectory Reconstruction Program
Milestone 7 Report (Usage Guide), Report No. TR-0075(9320)-4, The
Aerospace Corp., El Segundo, Calif. (15 November 1974).
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Section 5 contains a detailed description of important aspects

of the TRP system. An understanding of the mechanization principles used

in the design of TRP is important in making best use of the program. Pro-

gramming conventions used in the original program design are also presented

here; these conventions should be adhered to in further program development.

Error checking (execution, system, and input errors), abort

procedures, and special features of TRP are presented in Sec. 6.

Symbol cross references are listed alphabetically and alpha-

betically by module in Appendix A. TRP subroutines are listed alphabetically

in Appendix B, subroutine cross references are listed in Appendix C, and

required commons and externals are listed by subroutine in Appendix D.

i.1 FUNCTIONAL DESIGN

1. 1. 1 Functional Requirements

The functional requirements that have influenced the design of

the TRP system result primarily from experience with other simulation pro-

grams and from a forecast of future simulation requirements in the aerospace

industry. A very general, but demanding requirement is that all flight

dynamics elements must be included in any simulation, with only the degree

of sophistication and physical realism that satisfies the needs of the user

(and nothing more). This particular requirement has been satisfied through

a model selection capability within each module (modules are assigned a

major simulation function, and models perform specific functions within each

module).

The specification of arbitrary mission profiles for the TRP

system is another very demanding requirement that has considerably influenced

the overall program design (Sec. 1.3).

1-3



Along with these two general requirements, the following were
also treated as TRP design requirements:

* Flexibility

* Operational simplicity

* Fast reaction time

* Growth potential

Low operational cost per simulation

f Ease of program maintenance
* Machine independence

i. 1. 2 Elements of Flight Dynamics

Embedded in the total complex of the TRP system is a set of

modules, or units that have functional significance with respect to flight

dynamics. The functions performed by these units, as well as their inter-

action, have been precisely defined. These units, or flight dynamics ele-

ments, which are fundamental to the TRP system design are:

* Propulsion

* Structure (mass properties)

* Aerodynamics

* Control

* Sensors

• Rotational motion
• Translational motion

Environment

* Guidance and sensor data processing

o Radar tracking 4
The modeling of the navigation function of flight dynamics has

been split into sensors and sensor data processing. This split also occurs in

the real world because the sensor function is primarily hardware oriented,

and the sensor data processing and guidance functions are both primarily

software oriented. From a computer mechanization point of view, it is often

impossible to separate sensor data processing and guidance functions; thus

they are combined into a single functional unit in the TRP system.

I-4



j1.1.3 Modules and Models

The TRP system is composed of a set of modules, each of

which performs a significant simulation function. Modules fall into two

categories: those that mathematically represent the physical processes

being simulated and those associated with the program's sequence of opera-

tions, viz., input, output, and executive control.

A model is defined as a selectable method of performing a

module's function. Therefore each module has a number of models in its

repertory, and each performs the module function in a different way.
The dynamic equations associated with the TRP system are

based on the classical laws of physics, but as a rule the mathematical models

mechanized in the TRP system are not the most general representations

available; simplifying assumptions are often made. Generality in mathe-

matical models creates mechanization problems and results in models that

are expensive and difficult to use. Similar problems exist with executive

functions, so the simple model concept was implemented to provide a means

of removing a large portion of the logic from models, and therefore from

modules. Logic is thus largely specified via model selection at event time by

direct input. This design philosophy is consistent with the requirement that

the program not be too costly to operate. A very general function, when

mechanized on a computer, is very inefficient for the simple cases, so a

basic dezision was made to mechanize multiple models, designed for specific

simulation requirements, in most modules. These models are then selected

as needed. Simply stated, the multiple model st.lection process is effected

by the same concept utilized for variation in flight profiles, i.e., by input at

the time of an event.

1. 1. 4 Module Interaction

With the modularized construction design, the selection of

well defined functional units eliminates ambiguous interfaces. As a result,

each module has well defined inputs and outputs and can be figuratively de -

scribed as a black box with inputs and outputs, as shown.
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PARAMETERS AND VARIABLES INPUTJ"rFRCM OTHER MODULES

EVENT-DEPENDENT EXTERNAL
, MODULE (M)

The overall set of modules that comprise the TRP system

interact with each other in the manner shown in Fig. i-1. Each module is

identified by a five-letter mnemonic related to the functional role played by

the module (Table J-1). Each module containing an X as the fourth character

in its mnemonic is classified as an executive module, which performs a

major sequencing or control function. Only through an executive module can

another module be executed.
Three executive modules (MPEXM, TSPXM, and CYCXM) form

a hierarchy of executive modules in the TRP system. The Master Program

Executive (MPEXM), which performs the highest level executive functions in

the TRP system, is a step removed from trajectory simulation and, as such,

it controls the task of selecting the prime function to be performed. This is

usually trajectory simulation; however, other types can be controlled through

this executive (e. g., error analysis and postflight reconstruction). TSPXM

and CYCXM modules perform trajectory simulation functions on a total

trajectory and a computational cycle basis, respectively. Three other

executive modules (DPGXM, INTXM, and INFXM) are all controlled from

CYCXM. These executives, in turn, control all modules that simulate the

dynamic process.

Because of demanding requirements for open loop, pseudo type

guidance and navigation simulations, very generalized techniques for open loop

steering and event determination have been mechanized and assigned module

stature, viz., OLSTM and TGOEM, respectively. These two modules, to-

gether with DPG1M, DPG2M, and TRAKM, provide a considerable capability

in the areas of Iata processing and guidance and open loop trajectory simula-

tion. These modules are controlled by DPGXM, with TGOEM controlled by

CYCXM. .

1-6



aF 0

Igo

I. z

IfuiELIrI owj I,
at- rinml 2

W'-4

rto

1 -7



Table 1- 1. Module Mnemonics

SERVM Service module

MPEXM Master Program Executive module

INPIM Input Processing module number I

INP2M Input Processing module number 2

TSPXM Trajectory Simulation Processing
Executive module

CYCXM Cycling Executive module

DPGXM Data Processing and Guidance Executive module

DPG1M Data Processing and Guidance module number 1

DPG2M Data Processing and Guidance module number 2

OLSTM Open Loop Steering module

TGOEM Time to Go to an Event module

TRAKM Radar Tracking module

CONTM Control module

ENVr.M Environmental module

STRTM Structures module

AERMM Aerodynamic module

PROPM Propulsion module

RMOTM Rotational Motion module

TMOTM Translational Motion module

SENSM Sensor module

JUNKM Miscellaneous module

INTXM Integration or Dynamics Executive module

INFXM Information Executive module

PFRPM Postflight Reconstruction Processor module

ITERM Iteration Control module

ITIFM Iteration Information module
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INTXM is the dynamics or integration executive module of the

TRP system. It controls all dynamic processes being simulated outside the

data processing and guidance functions; it also controls the integration of

derivatives that appear in the equations of motion, control equations, etc.

The modules controlled by INTXM (Fig. 1-1) are all mathemati-

cally oriented, each computationally executing the function assigned to it. For

many simulations, SENSM and CONTM perform trivial or do-nothing computa-

tional functions; and in free fall, RMOTM, AERMM, and PROPM are normally

assigned trivial functions. Therefore, ENVRM and TMOTM ar the work-

horse modules controlled by INTXM. The miscellaneous module (JUNKM) is

available for general and/or temporary equations which do not specifically fit

in any of the other modules.

INFXM, which performs the trajectory information function for

the TRP program, is formulated to provide direct output in the form of print

formats or data tapes. .7t also is concerned with auxiliary computations.

A set of three modules, collectively called the Postflight

Reconstruction Processor (PFRP), gives TRP the ability to perform iterations

to match specified constraints or data and to perform error analysis. The

module PFRPM solves a set of nonlinear equations in an iterative manner with

partial derivatives approximated by finite differences generated by perturba-

tion techniques. The Iteration Information module (ITIFM) performs the

calculations for the partials and residuals, and the Iteration Control module

(ITERM) generates the necessary trajectories for these functions.

The Input Processing modules (INPIM, INP2M) perform the

function of data input.

Finally, the Service module (SERVM) stands alone, servicing

all other modules with a constants pool, a temporary storage pool, and a

library of service/utility routines.

1-
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This then is a very brief description of module interaction

in the TRP system. The user must refer to Vol. II of this report for a

complete description of individual modules and the interaction of all

variables involved.

1.2 MISSION PROFILE SPECIFICATION

Trajectory simulation with the TRP system is accomplished

by describing the desired mission profile as a series of phases separated by

events. Some of the terms used in connection with this subject are defined

below:

Mission profile A family of trajectories, all characterized
by a similar sequence of events.

Trajectory The dynamic state of the vehicle being
simulated, generally as a function of

time (the term is used here in the
broad sense).

Trajectory phase A subset of the total trajectory considered,
which is initiated by an event and terminated
by some later event initiation.

Event A discrete point along a trajectory, which
represents the terminating point of the pre-
ceding trajectory phase and the initiation
point of the following one. Events may signify
abrupt changes in the variables of the dynamic
process being simulated, or in simulation
models or philosophy, or events may simply
be information output points.

In the TRP system, considerable emphasis is placed on events

because the course of a simulation can only be altered externally, through

input, at event time. The course a simulation takes due to internal pro-

grammed equations is another matter; tf significant fact remains that the

user has no external control over a TRP simulation except at events, and it

follows that all TRP input and initialization are geared to them.
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1. 2. 1 Event Classification

All events are classified according to whether they are primary

or secondary and ordered or unordered. They are also classified in terms of

whether they can be ordered absolutely with respect to each other. If all

events for a given mission profile are specified, there is always a starting

event and a desired terminating event for each simulation case. In the tra-

jectory interval between the beginning and the end of the profile, a sequence

of events that may or may not occur in some predetermined order usually

exists. All events that must occur in absolute order with respect to each

other are termed type 1, or ordered events; starting events are always

type i events. Any event that cannot be given an absolute order is classified

as a type 2, or unordered roving event. A variation of the type Z event is

the type 3, or repetitive unordered roving event (i.e., it may be activated

more than once).

When a designated event is superseded by anothcr event, the

superseded event is called a secondary. All other events are primary.

The kinds of events that may be specified and their corres-

ponding event type numbers are:

0 Primary type 1 (ordered)

I Secondary type I (ordered)

2 Primary type 2 (unordered)

3 Secondary type 2 (unordered)

4 Primary type 3 (repeating)

,A type I primary event must occur during the course of a

complete and successful simulation and must be in absolute order with

respect to all other type I primary events.

A type 1 secondary event may or may not occur, but if it does

it must occur in the interval bounded by two consecutive type i primary

events. if more than one type I secondary event is specified in the same

interval, they must occur in the order specified. To illustrate: Let P 1 i

and P 1 2 be two consecutive type i primary eveits and let S1i and S 1 be
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two coi:secutive type I secondary events, which (if they occur) must occur

within the interval separated by P1 1 and P1 2. The TRP philosophy permits

the following three sequences of events, given appropriate event criteria:

Sequence i Pit, Sii, S 1 2' Pi2 (input sequence)

Sequence 2 Pit, Sit, P1 z

Sequence 3 P11, PiZ

Sequence I is the specified input sequence.

A type 2 primary event is a roving event that can occur any

time in the event sequence after it has been specified. It is distinguished

from a type 2 secondary event because it can occur anywhere along the tra-

jectory profile, whereas the type 2 secondary event pertains to an interval.

To illustrate, add to the previous input sequence a type 2 primary event

called P21 and specify it in the interval separating P1 1 and S It The following

sequences of events may then occur, based on the input (number I) sequence,

again given appropriate event criter.a:

Sequence I P 2I , P 21 S If S12' P 12 (input sequence)

Sequence 2 P S P S P

Sequence 3 P S S P P12

Seguence 4 P1 Si S P P21

Sequence 5 P1 1 , P2 i Si, P 1 2

Sequence 6 Pi, SIt, Pzi, P 1 2

Sequence 7 Pit, SI, P1 2, P 2 1

Sequence 8 P11, P21, P1 2

Sequence 9 Pi1 , P1 2 1 Pzi

Sequences 4, 7, and 9 will not include event P2 1 whenever event P is the

last one in the profile. Thus, it is possible that a type 2 primary event will

not occur, even though it is specified early in the event sequence (Sec. 1.3.2).
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A type 2 secondary event is also a roving event, but it can only

rove over an interval bounded by the two consecutive type I primary events

between which it is specified. it is not reasonable to specify a type 2

secondary event in an interval if no type I secondaries are specified in the

same interval because a single event occurring between two ordered events

cannot be unordered. Taking the event sequence P1 , Si S12 P1 2 and

specifying a type 2 secondary event (S z) in the interval between P 1 i and S i

leads to the following possible sequences, given appropriate criteria:

Sequence I Pill S 1, 3il' S 1 2, P 1 2 (input sequence)

Sequnce 2 P1 1 ' S2 Sli P

Sequence 3 Pii' Szi, Piz

Sequence 4 Pl S' S' S2' P

Sequence 5 P' Sil' S12' S21' P i2

Sequence 6 P1 9 Sill' $21' P12

Sequence 7 P11' 12 (P 2 supersedes all secondaries)

A type 3 primary event is like a type 2 primary event in that

it may occur at any point in the event sequence after it has been specified, or

it may not occur at all. The difference is that the type 2 event may occur

only once, after which it is beyond consideration in the event determination

process. The type 3 event may occur as many times as event criteria permit.

1.2.2 Event Specification

Given a mission profile and a sequence of events related to it,

it is necessary to assign an ESN (event sequence number) to each member of

the event sequence to be considered in the simulation. The following should

be considered when these numbers are assigned:

0 ESNs are restricted to a range of values such that

* 1 - ESN -5 199 for vehicle I

i i - ESN -< 99 for vehicles 2 through 9

S1-13



* Each assigned ESN mu'st be unique (two events occurring
along the same mission profile cannot have identical ESNs).

The first event is always associated with the smallest
designated ESN and must be a type i primary event.
This event is considered to be executed at the start of a
trajectory; as such, the event criteria are not monitored.

All type i events must be assigned ESNs in a monotonically
increasing order, one to one with the order in which they
will occur in the simulation.

A type 2 or 3 primary event is a roving event, and the
ESN assigned to it should be smaller than any ESN
assigned to an event that may occur later.

It is one thing to classify an event and to assign it an ESN, but

it is quite another to specify event criteria for the determination of the event.

A single criterion or a set of criteria for event determination must be

specified for each event except the first, which stands alone; by definition

it has occurred once the simulation commences.

Criteria for event determination are all specified to provide

a measure of the time to go until the occurrence of the event for which a

criterion is specified. Equations and full details are presented in the TGOEM

description (Sec. 2.13).

When multiple criteria are specified for an event determination,

the criterion producing a time to go parameter (which goes to zero first) be-

comes the instrument for event determination, and the other criteria are

disregarded. From the sample event sequences (Sec. 1.3. 1), it is apparent

that criteria relative to a number of events must be monitored simultaneously

if secondary and type 2 primary events are specified. To illustrate, take

the input event sequence

t

X X X X X X

P1 1 S1 P21 S22 S11 P12

t-14
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In this example, all criteria associated with events S P S S and

P are monitored as soon as event P occurs. Whenever an event other12 11

than a type 3 is encountered, the criteria used in determining the event are

dropped. If a type I primary is encountered (such as P 2 ), all criteria

associated with S S and S are immediately dropped (as well as those
21' 22' It

associated with P 2 ). if P 2 1 is not encountered before P12' its criteria are

still monitored, provided that P12 is not the final event in the sequence.

1.2.2. 1 Example 1: Ballistic Mission Profile

The typical ballistic missile follows a mission profile with a

sequence of major ordered events such as:

* Liftoff

* End first stage, start second stage

0 End second stage, start third stage

0 End third stage, start free fall

* Apogee

* End free fall, start reentry

0 Impact

All these events must occur for the successful completion of a launch to

impact mission, so it is appropriate to classify each of these events as

type 1 primary. Let this sequence of type I primary events be represented

by the abbreviated nomenclature: P 1I' P 1 Z' P 13 ' P14' P15' P16, and P17"

Further, let these events be assigned corresponding ESNs, viz., 10, 20,••. , 70.

For certain applications this sequence of events may be complete, but there

may be additional events that must be inserted into the sequence, depending on

the degree of sophistication with which the mission profile is to be simulated.

For example, consider the following type 2 primary events that

might be inserted into the mission profile:

* Departure from the earth's atmosphere

* Maximum simulation time
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Let these two events be called, respectively, P 2 and P 2 2 (type 2, or roving

primary events), and let the ESNs 16 and 17 be assigned. The event criteria

for these events are monitored at the start of the simulation because they fall

between the first and second primary events. Event P 2 1 is recognized and

encountered even if it is impossible to determine beforehand whether the

vehicle will depart from the earth's atmosphere before or after event P 1 2.

The maximum time event may not occur unless the vehicle goes into orbit or

some unpredictable situation develops, causing the maximum time to be

reached before event P17 occurs. Thus, P 2 2 provides an emergency means

of terminating the simulation.

In addition, suppose that the following events are to be con-

sidered and that the order of their occurrence is unknown:

* Constant time of flight

* 45-deg reentry angle

It is assumed that these events must occur between P16 and P if at all;

indeed, it is quite possible that over a wide range of trajectories either one

or both of these events will not be encountered in the interval between P 1 6

and P 1 7. It is therefore appropriate that they both be classed as secondaries.

One of these secondary events may arbitrarily be designated a type 1 and the

other a type 2 because their order of occurrence is unknown in this example.

Let the constant time of flight event be S2 1 (type 2) and the

45-deg reentry angle event be SiI (type 1), and let their ESNs be 66 and 67,

respectively. This assures that the criterion or criteria for S are monitored

as soon as those for S W I

Note that in this example S 2 and S could have been specified

as type 2 primary events because the next type I primary event concludes the

mission profile. Alternatively, S could have been designated a type 2

secondary, but both could not have been classified as type I secondary events.

.2.2.2 Example 2: Earth Parking Orbit to Lunar Impact Profile

A mission profile, starting from a point in an earth parking

orbit and proceeding to lunar impact, might have the following sequence of

major events:
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* Leave earth parking orbit

* Commence free fall phase in earth's sphere of influence

* Enter sun acquisition phase

Leave sun acquisition phase and enter earth acquisition phase

* Leave earth acquisition phase and resume normal free fall
phase

* Begin first midcourse maneuver

* Terminate first midcourse maneuver and resume free fall
phase

* Begin terminal maneuver

* End terminal maneuver

* Lunar impact

If all these events are required in the order shown for successful mission

completion, they can properly be described as type 1 primary events. The

labels P1 . P 2  " PI0) are assigned to this sequence of events, with

corresponding ESNs of 40, 45, 50,-.. , 85. In this example, it may be

required to perform several additional midcourse maneuvers between P 17

and P 1 8. The events required should be classified as type I secondaries,

and if each of the two possible midcourse maneuvers persists for a finite

time, four events are required. Therefore, S I, S 1, S13 and S14 can be

assigned the ESNs 71, 72, 73, and 74, respectively.

In addition, let it be assumed that it is necessary to recognize

the following type 2 primary event: leave earth's sphere of influence and

enter lunar sphere of influence. Call this event P 2 1 and assign 62 as its ESN.

This ensures that the criteria for this event are monitored as soon as the

earth acquisition phase (for vehicle stabilization) is completed.

1. Z. 3 Event Initialization

The TRP system interprets events as discrete time points.
0 +Each discrete time point is given a t, t , and t interpretation; the t inter-

pretation pertains to the end of the preceding trajectory phase, the t + to the

initiation of the subsequent trajectory phase, and the t to data retrieval and

initialization.
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In effect, each event is considered to be a point of discontinuity.

New data enter the simulation at t0 of each event and may take many forma,

varying from simple alphanumeric identification to complete sets of vehicle

and environmental data. All of these data very much depend on the particular

event.

All input data are entered into the data BUCKET on a vehicle,

ESN, and module basis by the input module INPIM. At the t0 of each event's

occurrence, the BUCKET is examined by TSPXM, and all data pertinent to

the event are placed in the input section of the modules for which they are

specified. TSPXM then makes the initialization pass through all modules;

at this time the initialization models perform any computations necessary

before starting into the next trajectory phase. It is a design fundamental that

all initialization is performed at event time on a module basis and that all

initialization procedures are followed irrespective of the event type.

1.3 DATA INPUT

Input to the TRP system is primarily by card images; tape

input is limited to time histories of observed data for postflight reconstruc-

tion. Both types of input have prescribed formats that were chosen to facil-

itate the internal arrangement of the data. Input is by vehicle number, ESN,

module name, and mnemonic parameter name. The advantage of mnemonic

input lies in the ease with which a user can communicate with the program

because symbolism is related directly to the functional process.

The TRP system interprets events as discrete time points

during the simulation process. New data may be entered at each event, and

it may vary from alphanumeric identification to complete configurations or

reconfigurations. The criterion for each event is also specified by input and

can be based on any variable computed in the program.

All input data goes into an expandable buffer called the BUCKET.

This concept allows storage to be conserved by using only the amount needed

for a particular simulation (and no more). Simple mission profiles/vehicles

thus require much less program storage than complex ones. All data is
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processed at input time by INPIM and INPZM; stored in the BUCKET; and

sorted by tyje, vehicle, ESN, and module. This enables processing routines

to quickly access the particular data required at event times.

The user must be familiar with several types of input, which

are described briefly here. Section 4. 2 contains a more complete description.

1.3.1 Description Data

Data card formats describe the simulation in various ways.

Each event and each simulation case has a description card. These cards

have no impact on the simulation, but they make the output more descriptive.

1.3.2 Event Criteria Data

This data specifies the criteria for the determination of events

along the trajectory. For each event the user specifies such things as the

event type (ordered or unordered, primary or secondary), the form of the

time to go equation to be used to compute how close the event is, the TRP-

computed variable, the value the TRP-computed variable must attain for the

event to occur, and the name of the first derivative of the variable (if it exists).

1.3.3 Gc-neral Data

Ger, eral data consists of scalar quantities that are input to a

named variable at a specific ESN. This variable Is set to the input value

when the ESN is reached, and it retains that value unt,] it is changed by input.

General data is specified by vehicle number, ESN, module name, and variable

name.

1.3.4 Model Specification Data

Model selection data specifies the model desired for each

module. It is similar to general data in that it is scalar; input by vehicle,

ESN, and module; and retains its condition until it is changed by input. It

differs from general data in that the input is the name of a model rather than

a numerical value.
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1.3.5 Interpolation Data

Tabular data is similar to general data except that it consists

of a table of data rather than a scalar constant. This table is in the "orm of

paired values of an independent variable and a dependent variable. There may

be any number of these pairs, but they must be in ascending order of indepen-
dent variable value. The method of interpolation may be specified; several

techniques are available. Tables may cross reference other tables for data,

and the independent variable name may be specified.

1.3.6 Control Cards

Control cards are simply means of manipulating the data input

stream. They are inserted into the data card set nd specify such things as

termination of data input reading and execution of a case with the data currently

available, termination of the run, and writing of an image of the data on hand

for future reference. Control cards do not affect the simulation beyond the

INPI M module.

1. 4 TRAJECTORY GENERATION FEATURES AND

CAPABILITIES

1.4. 1 Three or Six Degree of Freedom Simulations

The term 3D (three degrees of freedom) is used loosely to

describe a simulation in which the total moments about the center of mass of

the vehicle always sum to zero. This then leads to zero angular acceleration

about the vehicle center of mass. Conversely, the term 6D (six degrees of

freedom) is used to describe a simulation that is not subject to the constraint

that total body moments sum to zero.

A 6D simulation always imposes a greater computational load

than a comparable 3D simulation. This, of course, implies that there are

greater core requirements for a 6D simulation capability than for the simpler

3D. The 6D capability adds complexities to the TRP modules CONTM, PROPM,

and RMOTM. As a matter of fact, CONTM owes its existence to the 6D capa-

bility, for it performs only trivial functions during 3D simulations.
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PROPM is complicated by t.e 6D capability requirement

because the thrust moments are computed from thrust vector and attitude

control commands from CONTM. RMOTM becorn.s more complicated because

of angular acceleration computations.

In the 6D application, the guidance commands are generated so

as to be acceptable to the control equations in CONTM. In the 3D application,

the guidance modules (including OLSTM) issue commands that directly inter-

face with RMOTM. Thus the data flow between guidance and TRP dynamic

modules differs somewhat for 3D and for 6D simulations. The 6D flow is

such that the guidance and control interface i:. "real-world" to a greater

extent than is the 3D option; the guidance commands are generated in the

units required by the control equations, at a frequency specified by the user

or automatically controlled through the programmed guidance equations. The

3D interface is less complicated because the guidance commands are generally

issued in the form of rate or angle commands. The rate commands must be

issued with respect to the body roll, pitch, and yaw axes; whereas the angle

commands must be referenced to some inertial coordinate frame established

at the start of the simulation (Sec. 3).

Regardless of the type of simulation required (3D or 6D), the

TRP system sequencing logic remains the same. Only the amount and the

kinds of computation are affected. It naturally follows that the implementation

of the 3D or 6D option is accomplished by specifying certain ,models, primarily

those in guidance modules that specify internally the value of the Guidance

Command Flag (GCF). This parameter identifies the type of guidance com-

mands being issued to all dynamic modules. The flag is set to a unique value

for each type of steering command that may be issued by DPGIM, DPG2M or

OLSTM. A value of zero assigned to GCF identifies 6D by virtue of the fact

that commands are being issued directly to CONTM. Several values are

assigned to GCF for the 3D option in order to accommodate rate and angle

commands. The model selection process permits switching between the 3D

and 6D options at any event.
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The basic TRP system always provides an immediate 3D

capabilit) through OLSTM, but a 6D capability always implies knowledge of

the vehicle control system and, generally, a considerable knowledge of the

vehicle's guidance system. In essence, a full 6D capability does not exist

from vehicle to vehicle and, in the final analysis, it must be created some-

what on an individual vehicle basis. Thus, the 3D capability always exists

in the program (from vehicle to vehicle), but the 6D capability must be gener-

ated by adding models to CONTM and DPGIM or DPG2M, which are vehicle-

dependent.

1.4.2 Integration Features

The TRP system has been designed so it is not constrained

by a particular integration technique or routine. Integrations are con-

trolled by INTXM using the most appropriate integration techniques

available.

Great variations in missior nrofile, accuracy requirement,

speed of computation, computer storage, a- . many other factors affect the

selection of an integration technique and its mechanization. Unfortunately,

nearly all integration techniques are mechanized as closed subroutines, are

quite general, and are not designed specifically for the trajectory simulation

problem. Historically, therefore, the existence of integration routines has

forced the simulation designer to conform to the integration routine interface;

whereas, ideally, the integration routine used in the simulation program

should be designed to conform to the major program interfaces.

The TRP design and mechanization provide a set of module

interfaces from which a wide variety of integration mechanizations are easily

incorporated, including very special purpose, TRP-oriented integration

mechanizations. The TRP mechanization (with respect to integration features)

has been influenced largely by the assortment of simulation problems that

would normally be encountered (ballistic, powered flight, or orbiting missions);

none of these would be of prolonged duration.
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To accommodate the primary stated requirements plus speed,

flexibility, accuracy, and storage, mechanization involving the Runge-Kutta

technique was selected for primary usage. The mechanization is single-

precision, fourth-order and will be referred to as fourth-order RK.

Two second-order methods are also available; they can be used

independently or in conjunction with fourth-order RK. These methods are

known as the Improved Euler and the Euler/Cauchy methods. Trapezoidal

integration (first-order) is available and is generally used for auxiliary (not

in-line) variables. A variable-step, varable-order method is available.

The description of INTXM (Sec. 2.8) explains in greater

detail the workings of these integration techniques.

1.4.3 Auxiliary Computations

Variables that are computed primarily for information are

classified as auxiliary variables in the TRP system. It is important to

recognize how these auxiliary items are computed and to understand the

computational philosophy.

Auxiliary computations are by definition linked to the output

information process; only when the information function is executed is there

a need for auxiliary computations. Thus there must be a decision process to

ascertain the simulation times at which this information function is to be

performed. Affirmation that the information function is to be performed then

sets in motion the auxiliary computational machinery.

The TRP system is similar to many other simulation programs

in that auxiliary computations are triggered in the performance of the normal

information function, but it is unlike many others in that each applicable

module ccntains its own auxiliary computational capability. All auxiliary

variables, and the computations thereof, are localized on a module basis;

consequently, the variables involved are physically and functionally related

to the module in which they are found.
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When the process of auxiliary computation takes place, the

Information Executive module (INFXM) executes a Service module (SERVM)

routine (AUXF) that executes in order all subroutines responsible for com-

puting auxiliary variables.

Auxiliary functions are often added to a program on a special

purpose basis. Over a long period of time, a considerable number of these

functions (of no interest to the current program user) accumulate. A

methodology like that used in the TRP system facilitates program retrench-

ment to a preceding state, partially or entirely.

On many occasions, an auxiliary variable must be used on a

main loop basis for functions such as steering, table argument, event deter-

mination, or as PFRP observations. For example, the magnitude of the

inertial velocity vector (VMI) is not required for main loop dynamic computa-

tions, so it is classed as an auxiliary variable. However, it is not unusual

to specify a criterion for event determination that requires VMI to be specified

as the event determination variable. Making this variable automatically

available to the main loop is an important TRP feature.

1.4.4 Generalized Event Determination

The TRP system is always capable of event determination

through the models described in TGOEM. This capability is always called

directly through input, so event determination in this manner is said to be

externally controlled. The versatility and generality of the event determina-

tion models in TGOEM afford the user a very powerful event determination

capability. A complete description of the externally controlled event deter-

mination capability is given in Sec. Z. 13. Mission profile specification is

discussed in detail in Sec. 1.2.

Events can be determined through internally programmed

guidance laws and by other equations not directly specified via input.
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Specifically. event determination, through techniques not mechanized within

TGOEM, is said to be internally controlled.

The occurrence of an event dictated by closed loop guidance

laws (discrute commands) generally requires the same procedures for event

sequencing as those followed when an externally controlled event is encountered.
0 t+

This involves processing input data and sequencing through the t-, t , and

times of an event.

Other situations that develop in a vehicle simulation are

analogous to events; a discontinuity is encountered, bat no new data must be

entered into the program at the point of discontinuity. Such an encounter is

called a pseudo event and is distinguished from other events because no input

data or ESN are associated with it. For example, suppose that a step function

table of vehicle pitch rates is given as a function of time. At each point at

which the rate changes, there is a discontinuity in pitch rate, which can be

treated as an event through internally controlled procedures. The sequencing

is exactly the same as for normal events, but no data is expected from the

BUGKET. The complete interfacing for pseudo events is through communica-

tion to TGOEM from DPGXM and INTXM. The net result is that the pseudo

event is sequenced just like any other event, except that no input is obtained

from the BUCKET and the ESNs remain undisturbed.

1.4. 5 Multiple Vehicle Simulations

A multiple vehicle simulation capability adds complexity to the

TRP system, just as it would to any vehicle simulation program. It is signi-

ficant that the philosophy used in the TRP system localizes these added com-

plexities into the Executive module TSPXM and the Input Processing modules

INPIM and INPZM. All TRP system modules controlled by the Trajectory

Simulation Executive TSPXM (Fig. 1-i) are thus completely divorced from

the multiple vehicle simulation problem; in these modules absolutely no internal

distinctions are made between single and multiple vehicle simulations.

In the multiple vehicle simulation method, entire input and

output sections of modules are treated as entities that must be preserved
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when TRP cycles from one vehicle simulation to ancther. A block of storage

external to the TRP modules is assigned internally for each secondary vehicle

simulation; this storage block is known as the multiple vehicle core data

reservoir. This approach requires that data processing routines transport

module data to and from the core reservoir in accordance with multiple

vehicle simulation sequencing.

A very small time penalty, and a somewhat large storage

penalty, are attached to the performance of multiple vehicle simulations, but

the following profound advantages more than outweight them:

0 The method required to implement multiple vehicle
simulations is simple and straightforward because
it is localized in a few modules.

0 Core storage is the only absolute constraint because
all the sophistication and capability of the TRP system
are available in each vehicle simulation.

0 * Simulation data pertinent to the vehicle being simulated
are always in the actual input/output section of the TRP
modules during vehicle simulation.

In TRP multiple vehicle simulations, a particular vehicle is

specified as the primary vehicle. As such, it becomes the prime reference

vehicle for starting multiple vehicle simulation sequencing, as well as for

leading the simulation.

Some simulation applications call for a multiple vehicle simu-

lation to start at some point after the start of a single vehicle simulation,

e.g., a ballistic missile with multiple reentry vehicles. In this case, a

single vehicle would be simulated until the reentry vehicles separated; at

this point, one reentry vehicle would remain the primary vehicle and the

others would become secondary vehicles.

All vehicles except the primary are called secondary vehicles.

The total number permitted is generally dictated by core storage constraints;

otherwise the maximum number of vehicles (including the primary) is nine.

Secondary vehicle simulations need not start simultaneously.

A secondary vehicle is initiated when the primary vehicle reaches an ESN

that matches the first ESN of a secondary vehicle. The assignment of ESNs
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, )
to secondary vehicle mission profiles is not otherwise constrained by any

ESNs assigned to the primary vehicle. However, for the sake of convenience

and identification, similar mission profiles should have corresponding ES'.s.

. 4.6 Arbitrary Origin

Program users can present initial conditions to a simulation

program in many ways. A simulation starting with initial conditioiis that

describe a launch pad universally accepts latitude, longitude, altitude, and

environmental model constants from which the initial velocity, position,

altitude, and attitude rate states of the vehicle can be determined. Alterna-

tively, it is often necessary to start with direct inputs describing the total

initial state vector of the vehicle at the start of the simulation. This is

referred to as starting a simulation from an arbitrary origin.

The set of initial conditions commonly used in an arbitrary

origin start for point mass simulations is the velocity and position vectors

in some coordinate frame. If nonzero attitude and attitude rate (or body

rates) exist, they can also be supplied.

The initial conditions that can be used to start a simulation

are restricted only by the initialization models available in TMOTM and
RMOTM. In the final analysis, initial conditions presented to the TRP system

must be transformed into initial conditions for the programmed equations of

motion. The discussion of the RMOTM and TMOTM modules (Secs. 2. 23 and

2.24) includes the available methods for an arbitrary origin start.

1.4.7 Generalized Radar Tracking

The function of generating information describing the state of

a vehicle seen from radar stations is mechanized in the Tracking module

(TRAKM). This function is assigned module status because of its major

importance and the magnitude of the computational problems involved.
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The tracking capability is mechanized in such a way as to

permit a number of tracking stations to simultaneously or sequentially

participate, and to be able to track from one vehicle to another or from a

vehicle to landmarks.

Note that this module can be used strictly to generate auxiliary

variables for information purposes, or it can be entered into a guidance and

navigation loop.

The equation and mechanization details concerning this

capability are presented in the TRAKM discussion (Sec. 2. 14).

1. 5 PARAMETER RECONSTRUCTION AND DATA

MATCHING

1. 5. 1 PFRP Modules

A set of three modules, collectively called the Post Flight

Reconstruction Processor (PFRP), gives TRP the ability to perform iterations

to match specified constraints or data and to perform error analyses. These

modules use all other modules collectively (under the control of TSPXM) as

a black box to provide measurement values to match observed data. A com-

plete discussion of PFRP is given in Sec. 5. 1. 4.

Measurement models are mathematical representations of

some physical process, whether it be the flight of a missile, a vehicle sub-

system, or any other process that can be mathematically formulate1 . The

moduie PFRPM iteratively solves a set of nonlinear equations with partial

derivatives approximated by finite differences generated by perturbation

techniques. The Iteration Information module (ITIFM) performs the calcula-

tions of the partials and residuals, and the Iteration Control module (ITERM)

generates the necessary trajectories for these functions.
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Any parameter that can be input to TRP can be used as an

independent parameter in an iteration, whether it be a value in a table, the

value of an event initiation, or a constant used in a measurement function

model. An a priori covariance matrix, bounds on parameter displacements,

and perturbation increments to be used for computing observation partials

are additional inputs that are customarily made. The number of such

parameters (reconstruction parameters) that can be estimated is currently

limited to 75.
Any variable computed by TRP can be used as a measurement

to be matched against observational data. Observations may be input either

by cards in tabular form or by formatted tapes generated by an auxiliary

external program, and may be single observations or time histories of

observations. A covariance matrix developed from the noise associated with

the measurements is also input. This may be simply a diagonal matrix

assuming independent random measurement- or a matrix with off-diagonal

terms denoting correlations between observations at a given time point or

correlations between successive time points. A large number of observations

may be used, but time and storage constraints place a practical limit upon

TRP of about 4000 data points.

1. 5.2 Iterative Process

The PFRPM component of the TRP system can be thought of as

the unit in which an estimate of the reconstruction parameters is calculated

from the processed observations, data statistics, partial derivatives of

observations with respect to reconstruction parameters, and computed

observations. This part of the program commands TRP to compute a new

set of measurements based on the new estimate of the reconstruction

parameters and, if necessary, to compute an updated set of partial derivatives.

1.5.2. 1 Iteration Equations

The equations used by PFRPM for weighted least squares

fitting of reconstruction parameters to observed data when a priori inforrna-

tion is available are presented in this section.
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Let a vector of observations be available such that

y = f( ) + n (-)

where

y = vector of observations

r = vector of reconstruction parameters

n = vector of zero mean Gaussian noise with covariance
matrix -n - E(nn')

f(r) = vector of observations with no noise present

and let a nominal value of r, namely r 0 , along with its a priori covariance

matrix E0 be available. PFRP then determines an estimate of r that

minimizes the weighted sum of squares, the cost function

Q(r) =[y - f(r)]T ni[y - f(r)] +[r- r0T1E0, r -r] (1-z)

This estimate, under a Gaussian noise assumption, is a maximum likelihood

estimate even though no nonlinearities are present.

Since no closed form solution exists for the value of r, which

minimizes Eq. (i -2), the minimizing value can be determined by iteration

using the equation

~k+i k (0~ kA n k)1A Z y k n k 1 k

(1-3)

where
k kth

r = k estimate of the minimizing vector
k

Ak = matrix of partials of f(r) with respect to F
evaluated at r k by perturbation methods

k eighd error vector I A f(r) k 0
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As rk approaches the minimizing vector, Yk approaches zero.
The indicated inverse in Eq. (1-3) is the estimate of the

covariance matrix of the error in the parameters, which is restated asErs

E = + (1-4)

The correction vector, k' approaches zero as the weighted error approaches

zero

Yk= ()Yk (1-5)

Equation (1-3) may now be restated using Eq. (1-5); Eq. (1-6)

is the basic equation for the iteration process

rk+1 I rk + yk (1-6)

The predicted value of the cost function, from Eq. (1 -6), is computed as

T

Qk+i = Qrk Yk (1-7)

This equation is used in a linearity test (Sec. 1. 5. 2.3).

1. 5.2. 2 Major and Minor Cycles

When partial derivatives are approximated by finite difference

quotients, P+I function evaluations must be simulated each time the partials
are recomputed. To avoid this cost, iterations are sometimes made with
Eq. (1-3) without reevaluating the partials. This method of iteration is called
a minor cycle. (A major cycle is an iteration involving a reevaluation of
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partials.) Tests are necessary to determine whether a cycle should be

major or minor.

1.5.2.3 Tests

When major and minor cycles are used as part of an iteration

scheme, tests are necessary to determine whether a cycle shculd be major or

minor. A criterion for convergence is also implemented in PFRP.

For example, suppose a r.-iajor cycle has just been completed.

If the partials that were calculated are to be used for a minor cycle, f(r)

should be linear in the neighborhood of the preceding estimate. If f(r) is

approximately linear, the new cost function Q(r from Eq. (1-2) should

approximately equal the predicted cost function [Eq. (1 -7)]

Q(rk+l) -k+

Therefore, a linearity test is performed.

IQk+1 - Q(rk+) I <

,'Q(F k+ ) d 3

Whenever this test is failed a major cycle is made. Unless the iterations have

converged, a minor cycle must result in a decrease in the cost function. To

ensure this, an improvement test (where k refers to a minor cycle) is made.

Q(F k ) - Q(rk+ 1)
Q(rk)

If this test is passed another minor cycle is made. If the test fails a major

cycle is performed using the best of the last two minor cycles.

After every major loop a test is performed to determine if the

iteration has converged. One test is as follows: Let Yi;k 1 be the change
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in the ith reconstruction parameter after the kth major cycle iteration and

let G ik.i be the square root of the i h diagonal element in the corresponding

covariance matrix of the estimation errors in the reconstruction parameters.

Under these definitions the convergence test is

< E (for all i = i, .. , P) (1-8)i,k-i i

where P equals the number of reconstruction parameters.

The reasoning behind this test is as follows: It has previously

been shown that the vector

1= A+ A riAk)Ak -n [y - f(rk) +  r -0k)

approaches zero as r k approaches the value that minimizes the cost function

Q = [y - f( )lTni [y - f(r)] + [r - F0 IT 0i[ r - r 0]

Since the components of Yk are mixed quantities, it is necessary to have the

term "approaching zero" defined in some normalized sense. Also, if the

square roots of the diagonal elements of E-r [Eq. (1 -4)] are to retain the inter -

pretation of estimates of the standard deviations of the estimation errors, it

is necessary that the parameters not be considered converged unless their

changes, as a result of a major cycle iteration, are all small relative to the

estimation sigmas. This convergence test satisfies both of these conditions.

1. 5.3 Measures of Approximation

An important consideration in any iterative process is the

examination of the measures of approximation. Stated in other terms, the

quality of the fit of the model to the data should be evaluated. Several mea-

sures in TRP are computed and displayed for this purpose.
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Since the iterative process of PFRP is designed to minimize

the weighted sum of squares Q (the cost function), the value of this computa-

tion shows how well the process is converging. The expected value of this

function equals the total number of observations plus the total number of

parameters. A value of Q approaching this sum indicates that the process

may be converging.

The character of the differences of the computed measurements

and the observed data is also a measure of the quality of the fit to the data. A

random set of residuals with small mean and no significant patterns is usually

a good sign of convergence. These characteristics are displayed in TRP by a

printer plot of the residuals plus the calculation and display of the mean and

standard deviation of the residuals. A more precise display may be obtained

by the use of the pen plotters in lieu of a printer plot, but usually with a

significant delay in turnaround time.

A convergence test was derived in a previous section [Eq. (1-8)].

The individual components of the test are printed and show how well individual

parameters are converging.

To summarize, the quality of the fit to the data can be assumed

to be valid if the value of the cost function has reached a minimum, the resi-

duals of the measurements exhibit no significant trends or patterns, and the

changes in the estimated parameters do not exceed an a priori standard devia-

tion from the a priori best estimates of the parameters. If any of the above

indicators do not hold, there is a good chance that modeling errors have been

made, either in the function generations or in the measurement models.

1. 6 ERROR ANALYSIS

1.6. 1 Covariance Matrices

The matrix

ifi
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is the a posteriori covariance matrix of the P parameters, with the variances

on the diagonal and covariances off the diagonal. This matrix forms the basis

for all error analysis calculations made in PFRPM. The square roots of the

variances yield the standard deviations, which can be construed as the accuracy

to which the parameters can be estimated, and the off-diagonal elements are

used to compute the correlation coefficients between the parameters.

A dependent variable covariance matrix can be computed, pro-

vided that the partials of these variables with respect to the reconstruction

parameters are known. The partials (V/8F) are computed by ITIFM, with

the weighting matrix usually input as zero. The matrix is computed as

v J, r

This is a standard transformation matrix, which may be used for coordinate

system transformations or for propagating a state vector in time.

1.6.2 Modeled and Unmodeled Parameters

For covariance matrix purposes, unmodeled vehicle or

measurement parameters (Q parameters) may be used. The reconstruction

parameters are called the P parameters and are estimated to derive mea-

surement matches. The Q parameter differs from the P parameter in that

the Q parameter does not affect the fit to the measurements, only the covari-

ance matrices. The advantage of a Q parameter is that it may be used to

determine the effect of uncertainties in its value without affecting the fitting

process. These include highly correlated parameters that might blow up a

solution if estimated, or they may include weakly observable parameters.

The matrix equation for the independent variable covariance

matrix with Q parameter effects is

E6r E r+53J)LY

1-35



.9
where

-F AT IB,- r E

B is a matrix of observation partials with respect to Q parameters, and

8y/ak equals the partials of the P parameters with respect to the Q

parameters.

The matrix equation for the dependent variable covariance

matrix with Q parameter effects is

T' VQ = EV + (8v/8Q) Ex (8V/8Q)T

where

8V = partials of V dependent variables with respect

to Q parameters from CVRT table specifications

= input upper triangular a priori covariance matrix
for Q parameters

dV computed partials of V variables with respect.- to
dQ Q parameters, or

1. 6.3 Value of Acquired Data and Experimental Improvement

The independent variable covariance matrix that results from

a TRP error analysis may be processed and transformed to give the user an

idea of the value of acquired data or to measure the improvement in an experi-

ment resulting from its use. The square roots of the diagonals of the covari-

ance matrix indicate the accuracies to which parameters may be estimated.

The correlation coefficients, which are computed from the off-diagonal ele-

ments, indicate how the parameters of the model are related.
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The a priori covariance matrix is a statement of what is known

about a model or process before an estimation procedure is begun. The

a posteriori covariance matrix shows he information gleaned from the use of

measurements of the process. The degree of reduction of the diagonals of

the matrix give a measure of the worth of the acquired data and the amount by

which an experiment was improved.

The transformation of the a posteriori independent parameter

covariance matrix to other coordinate systems or to other time points is also

a means of evaluating the worth of acquired data. Coordinate systems of

interest, even the measurement coordinate system, may be used. Elements

of these covariance matrices may be used as the basis for CEP (circular

error probability) for two-dimensional vectors or as a basis for SEP

(spherical error probability) for three-dimensional vectors. Additional out-

put for CEP and SEP calculations includes the angles of rotation necessary to

diagonalize these elements of the covariance matrix and the length of the axes.

The off-diagonal elements are used to compute the amount of rotation required

for diagonalization.

1. 6.4 Linearity Assumptions

For the covariance rnatrices to be valid representations of

estimation uncertainties, the property of linearity must be maintained be-

cause the iterative equations used by TRP (and most other estimation pro-

grams) are first order. Therefore the fit to the observations must have

forced the reconstruction parameters into a region of linearity. This

normally follows as a result of the iterative process, but two things may

interfere. The first, modeling errors of the measurements or parameters,

may be corrected by the addition of uncertainties due io unmodeled or

unestimated (Q) parameters. The presence of modeling errors may be

detected by patterns in the residuals, which should exhibit only a random,

unbiased appearance. The second cause of nonlinearity is the generation of

numerical partials using too small or too large a perturbation increment.

The region of linearity may be checked by overlaying plots of various sizes

of perturbation increments.
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1.7 MAJOR OBSERVATION DATA TYPES

The major observational data types that may be generated or

used in the reconstruction process are listed below. Literally any output of

TRP may be used as an observation variable; these were tabulated only for

the user's convenience.

Standard radar station range, azimuth, and elevation
plus rates

Rectangular U, V, W radar position from a ground station

Multipath time delay
i Multipath doppler and integrated doppler

Multipath interference data

Over -the -horizon backscatter range and range rate

Dopple r

Time of arrival

Time difference of arrival from a single emitter or
an emitter pair

Double time difference of arrival

X, Y angles using either north-south or east-west keyholes

Radar look angles in pitch, yaw, and roll planes

Interferometer p, q, p, and 4 from L or X arrays

Range differences and sums from ground stations or vehicles

Vehicle-to-vehicle radar range, azimuth, and elevation plus rates

Vehicle -to -ground range, azimuth, and elevation

Observed optical intensity along LOS (line of sight)

Body-mounted accelerometer with acceleration and velocity

Inertial platform sensed velocity meters

Gimbal angles and rates

Inertial body angular rates

Ballistic impact range, latitude, longitude, and time

Altitude, ft, m, or nmi

Atmospheric and aerodynamic properties (e. g., pressure
and temperature)
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Mach I bump time and maximum acceleration time

Geomagnetic field orientation

Gravitational components in downrange, crossrange,
and vertical coordinates
Downrange, crossrange, and vertical position, velocity
and acceleration

Engine gimbal deflection angles

Angle of arrival

Radar frequency model as a polynomial in azimuth and
elevation

Inertial position, velocity, aird acceleration

Topocentric right ascension and declination
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SECTION 2

YEOMAN

The YEOMAN system generates an absolute TRP program con-

figuration, which is specified by a TRP model requirement (REO/NREQ) input

deck (Fig. 2-I). Program YEOMAN, which is an integral part of the YEOMAN

system, interrogates each relocatable binary deck to obtain the external

requirements of each deck. This information is retained as a directory, which

is written as the first logical record on the TRP relocatable binary library

file.

Program YEOM replaces or extends the external requirement

information of the library file with modified requirements (determined by

examining newly compiled decks on the LGO file). It also outputs a TRP pro-

gram configuration by reading the REQ/NREQ input deck and determining

which external (subroutine and labeled common) requirements must be output

to satisfy the external requirements of the models selected by the REQ/NREQ

input deck. Modified decks (decks on file LGO) replace existing decks on the

library file in the final TRP configuration to be loaded.

Program YEOM generates a library file dictated by the LIBR

inputs in the REO/NREQ input deck. The library decks are merged with the

TRPC file in the required overlays. It can also generate a new TRP binary

library file by mei-ing the old binary file with the decks on the LGO file. A

TRP binary library may be generated without an old binary file by compiling

all TRP decks on file LGO.

Flow charts for the YEOMAN program are shown in Sec. 2.1,

and the equations are in Sec. Z.2. Inputs and outputs are in Secs. 2.3 and 2.4,

respectively. Symbols used in the flow charts are the mnemonics used in the

program.
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YEOM

YEOM

2. i YEOMAN Flow Charts

i=1' 5

Set "debug print flag" Print BD COMPILE file
CALLT IROP1)_-

* Se "inoreLGOerro flg" rint BCD COMPILE file

Set8 printsflagh A

(1*1
2-3 HT

* ~I 5



YEOM

YEOM

Read 1 logical record of OLDBL file
CALL REED(DUM, 1, 1, 1, IS, L)

Has OLDBL been loaded
iIS

YES NO

HasL0 file be rte

NO YES

20-

Ka eithe an 4'4 fil or a



YEOM

YEOM

f?

Has relocatable binary file been loaded
BTAPE A 0

eNcOun YES

Redd directory from the master binary file
CALL RDIR

Has LGO file been written
LGOF 0
YES NO

4t

4u/' " nterrogate subroutines on the LGO file for

I Ln

<\external subroutines and 'COMMON' requirements/
.. CALL BUILD(3 LLGO),,

Has the ignore error flag been input I

" ~IERST = 1l :

NOY

Have any errors been
encountered on LGO file

<!R-IN ABRI*ERS ON N O FL

CALL MXCAI,L(3RABT, 0)

45 Set number of subroutines found on the LGO file
NLD - NDICT-NBD

6y Merge L GO directory information with

dx irectory information from the master binary
,.CALL UPDIRtr

Read TRP REQ/NREQD input deck, and using

he directory requirements, mark all decks
~that have to be loaded
~CALL MARKDEK

Cl
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YEOM

YEOM
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YEOM

.1 BUILD

Subroutine
BUILD(LGO)

LGd File on which
compiled decks
reside

Set length of LGO read equal to

Read next relocatable subroutine

into buffer FILE
CA LL RE ADL(FJLE, 1, LENG71IH, 2, IS, LNTH

Has an end of file been encountered

IS = 1 
400

Has an O~VERLAY been encountered
FILE. AND. 77777777777777000000B

L =7LOVERLAY

YES NO

651 Initialize:

I -I FILE table pointer
J-1 requirement counter

Increment deck countcr
*(K EQUIVALENGED to NDIGT)S K- K + 1

Pick up deck name
DICT(K) - FILE(2). AND.
77 7 7 77 77777777000000B
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YEOM

BUILD

Does te oten ofdeckbn requiremet
FILE(I I AND LENGTH00000000

NO IYES -

Does e nx dc table coninSRUTNruirme
12-MITFILE(I),2). AND. 777700000000B

Does table contain COMMO~N requirements
FILE(I). AND. 7777 0000000000000000OB

34000000000000000000B

NO YES 2

8oe tncre ont ter SBOTN nextutabemet
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YEOM

BUILD

OR dck ameand requirement count

SaeBUCKET pointer for this deck
Sae BASEL(K) 4- CBKT

Ithere enough room to store the

requirement array ITEMP
CBKT+J < EBKT

NO YES

tint: DIRECTORY BUFFER

DEPLETED AT DECK

<CALL MXCALL(3RABT, 0)

14Move deck requirements to BUCKET
BASE(CBKT+n-1) =ITEMP(n)

151

ncrement BUCKET pointer
CBKT 4- CBKT + J

IA

Is~~~~~~; -9notofdc eqieet

wante



YEOM

BUILD

20 Does COMMON table contain

COMMON requirements

YES INOJ

Obtain:

upper limit 13 - I+12- I
lower limit 11I 1+2

Increment requirement cortr

I J++1

I Store COMMON names into ITEMP array
I ITEMP(J- FILE(n). AND.. NObT. 777777B

I Is requirement BLANK COMMO~N
ITEMP(J) = 55555555555555000000B

I Indicate BLANK COMMO~N
I ITEMP(J) -5LBLANK

25

40

NO curn YekaBOKDT eS k

FILE2) =ITEM(Z) or
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YEOM

BUILD
MU

30 FORTRAN Deck external requirements

Obtain table limits:
Lower, I "- I + 1
Upper, 13 - I +IZ-l

n=ll, 13

31 Decode external requirements
32 from FORTRAN LOADER TABLE

I34 ITEMP. - DECK

I 35

8

50 COMPASS Deck external requirements

Obtain table limits:
Lower, I1 - I + 1
Upper, 13 -!1 + 12-1

n=ll, 13 _

Decode external requirements
from COMPASS LOADER TABLE

ITEMP. - DECK

60

8i



YEOM

BUILD

120

Block data, set requirements to 1

j 11

400

Has print flag been set
PRINTP 1 0

YES NO

Prn OMA 45



YEOM

LEBCHK

Subroutine
LIBCHK

(BUFF, IN, OUT)

Get ab ec saker to

10nOtaine table limits,
Lower , Ii- I+N

5 Se oner to next-t

5 1 -I: A

Hasen o dckben-eahe



YEOM

LIBCHK

A

N=Il 13_-

45 44

j CALL BINSCM (LIBB, NLIB, o)

50
50 RETURN
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YEOM

MvARKDEK

MARKD-MAK~

Wav nEd ie el ordnee

1I0 AL2L)

NO-YE
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YEOM

MARKDEK

Was a valid control card read
NCW < 7

(NCW is preset = 7)
NO YES

Print last card read and Print FORI IAT #280,
SORRY NOT POSITIONED TO REQ/NREQ OR EOR

L-" TERMINATING YEOMAN

A bor jobI
CALL MXCALL(3ABT, 0)

1300 Print model input card image]

Convert names from H to L format
i~lNCCALL HTOLD(INBUF, IOBUF, NC)

i=l, NC ..

Input deck name

FNUMBER- IOBUF.i
7Find and mark the deck name with

MARKER CALL BINSCM(DICT, NDICT, 0)

Did BINSCM find and mark the deckJ]LOG A 0
NO YES

Print FORMAT #290, ICW(NCW), INBUF
COULD NOT FIND XXXXXX XXXXXXXX IGNORING INPUT

L41350

2-16



YEOM

MARKDEK

~ Was REQ/NREQ deck read prior to EOF

Prst #library decks to zer
NLIB - 0

n1, NDICT

Is deck input as a library deck
(DIGTi. AND. 4B) A 0

YES jNO

ixl, 8

NUMBER - MODELS.i

MODEX6, MODX3O, MODX3l1, MODX32
MODX33, MODX34, MODX35, MODX32

1520 Have MODEL requirements been marked

Mark deck not required and Print FORMLAT #1530

I1540 NOT IN REQ/NREQ DECK--ASSUMING NOT REQ

B
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YEOM

MARKDEK

B

Set binary search marker equal to I
MARKER - 1B

i=1,26 1  ---

Mark 21 preset TRP decks as required
NUMBER .- IPREQ(i)

Was a Findndd ark deck i sca
I\CAL BINSCM(DICT, ND ICT, ,.

1550t-_

14
Initialize required 1B scan

IX0 -" 0
INDEX - I

ascan directory for deck marked 1
IX l - ISCAN(DICT, NDICT, INDEX)

Was arequired deck found in scan

IX1 0

NO YES

2-18
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YEOM

MARKDEK

120

Set flag to force complete directory scan
IXO - 1

Get pointer to required deck's requirements
IX2 4- BASEL(IX1)

Get number of requirements for the deck
IX3 - BASE(IXZ). AND. 7777B

Does deck have any requirements
IX3 > 1
YES NO

Get required deck boundaries
IX3 - IX2 + IX3 - 1

ixIXZ, IX3 IXZ - IX2 + 1

Get subroutine requirement
NUMBER - BASE(ix)

Find and mark the deck as required

CALL BINSCM(DICT, NDICT, 77777777777777776700B

Was requirement a library deck

I (DIC T(J LOC). A. 4B) = 0
I ~YES IN

Mark routine has library requirement
DICT(IX1) - DICT(IX1). OR, 100B

LO9
40 Requirements marked - mark the deck

DICT(IXI) - DICT(IXI) + 1
note deck is marked with a 2 and will
not be found by BINSCM or ISCAN

15

2-19
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YEOM

MAR KDEK

MARKER - 0

Sort the 3 columns of the directory on the
3rd column (for deck order)

CALL ScbRT(DICT, LDIGT, 3, NDICT, 3,7777B, )

NRETUR-NDC

1202



YEOM

MERGDEK

Subroutine
MERGDEK

Is a TRP program file to be generated
NMVS # 0

YES NO

Print FORMAT # 85400
DISPOSITION OF DECKS

Initialize:

ICDK - 0 deck counter
ICL - 0 overlay counter
IREDB - 0 OLDBL read flag
IREDL - 0 LGO read flag
NDEKS - NREQD # required decks

Was NREQD set in MARKDEK J
NREQD A 0

NO YES

Set Hrequired equal to total A
NDEKS - NDICT

9

2-21
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YEOM

MERGDEK

I Set Deck(i) flags:

IIREQR DICT(i). AND. lOB -- dummy return flag
NAME DICT(i). AND. 7777777777777000000B - -name
LINE -DIGT i) .AND. 4B -- library re.

IB iIs dummy return subroutine wanted
IREOR 1 0

YES NO

Output~I du eycUBOUINENM on file RP

CALL 2-22



MERODEK

*N I OOO

Was an overlay encountered
IREDB = 2NO YS70

Does the name of the deck read equal DECK(i)
NTAPEB = NAME

______NO YES 7500

7200 Was deck deleted from OL.DBL
IREDB 3

YES NO

Print: CANNOT FIND DECK
<ABORT:. CA LL MXCA LL(3RABT, 0)>

7400 Was this overlay also encountered on LGO

74510 Start of OVERLAY setup

< =CL 1:RTIUL TPB 7OELY
Resetoveray dck cunte

ICDK -

2-23
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YEOM

MERGDEK

7500

Is Deck(i) required onfl TRPC and/or NEWBL
IRITB 0

YES NOS

ICDK ICD > 1

Save deck name in DICT array
DICT(ICDK) - NAME

2-24



YEOM

MERGDEK

800

Set LGO read size to 8 physical records
LNLGO - 10000B

Set LGO to read flag to read
IREDL - 0

Read relocatable deck from LGO file
CALL REDEK(3LLGO, NLGO, LGOBF, LNLGO , '

IREDL, ISTLGO, INLGO, OUT LGO) /

Set LGO write flag
IRITL - NBTAPE + IREQ

* Was an overlay encountered on LGO
IREDL = 2
YES NO 80

Set overlay encounter flag
ICL- 1

<End of OVERLAY cleanup - print and merge library
!!CALL, OLPRNT(ICDK, DICT, DICT(NDICT+l))

8400 Start of OVERLAY setup

C CALLOLPRNT(INUL, NLGO, 7HOVER LAY)

Rest oerlay deck coune
ICDK - 0

C ALL RITDEK(3 LLGO, LGOBF, LN LGO, IST LG

C INGOOUTGO, RED, IITL) C -DO

- -, X



YEOM

MERGDEK

Does Deck(i) name match LG1O name
NLGO NAME

YESTN

Terminal error:
Pi int 8530. IDIS, BTA PE, IRITL, I
Print 8540, (J, DICT(J), J=l, NDICT)

- IWs Deck(i) writtend on file TRPC do EB
IRITL> 1

YES N

ICDK L ID(+

Save deck name in DICT array
DICT(ICDK) - NAME

8600

Is Deck(i) also on the relocatable binary file

NO YES _8
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YEOM

MERGDEK

870Is Deck(i) also on binary file

et binary -write fla g to:1 nul 71001

IRITB -0

80 0 -80000 

- _ _ _ _ _ _ _ _ _ _ _ _ _

80000 7
81000 ~'Clean up final OVERLAY

GALL OLPRNT(IGDK, DIGT, DIGT(NDIG19p)

_____ ____ ___ Clean up NEWBL write

<,,ALL RITDEK(5LTAPEB, DUM, DUM, DUM, DUM, DUM, DUM, DUM)>

CREU RN



YEOM

MERGLIB

Subroutine
MERGLIB

(IDEK, NDEK)

JHave any library decks been defined

I YES NOJ

Start of or end of an OVERLAY
___IDEK = 7LOVERLAY

SeTet MainFa 2 Primary mcnaks

NPSO - 1NPS - 2

T IMSK - 77777777777777777761B

Zero library deck count
NTL035 Set Secondary masks

NPS - 4
IMSK - 77777777777777777763B

i4 5 L N L I - -- L I- _ _D . M
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YEOM

MERGLIB

Get ae ofne library deck n ile 11c

NUBER - I~.RNS

rr

A Search for deck and marking
CALL BINSCM(LIBB, NLIB, MASK)

Read deck from Library File
CALL REED(LIBBF, 1, LNLIB, 11, !ST,. LEN)

Write deck onto the TRPC load file
GALL RITEL(LIBBF, I , LEN, 7)

Record library deck written
NLB.- NLB+l
NDEK(NLB) -NUMBER

I BB(JLWC)- LIB B(J LOC). OR. 1013

2 -29



YEOM

MERGLIB

Doec librr decksr Drtek have
B other library requirements

CLL IIBND1B, 1,PLEN

NOI FES8
Hvan libra ry dek btoen written

F 100

PRORA LIRRYDCKINSRE
,PITL~~1T20 NE~~=,

REUR

Doliray ecs rite3'av

otherlibrry rquirment



YEOM

SubroutineA
OLPRNT

iICD N'DEK IDEK)

An ecks to Y7in1
YES INO

Print OVERLAY card

Initialize library merge--------
<CALL MERGLIB(IDEK, NDEK)

PrIitilz deck names aon

Sum sieof eac noerly

-Execute libSrary nierge for overlay
G-ALL MERGLIB(IDEK, NDEK)

RETURN
2-31



RR DIR

S ubroutine

rot I

40 Set read length
to 1000

IXI - CRBKT + 777B

Read next 1000B words of directory
< CALL REED(BASE, CBKT, IXI, 1,1IS, IXi,

Mark current local-ion in BUCKET
CBKT - CBKT + IXI

Has he ed o thediretor phyica

50
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YEOM

RDIR

50 Initializ binary deck count

F iilize BUCKET pointer

IXI '- BBKT

Ge6 ot umbecry brqinr ensrdc

DIC(ND) BEIX ) BAEI. A.777777777000

Check for legal deck requirement
1X2 A 0

YES INO

Space over requiremei-ts to next deck10
IXI . XI + 1X2

Has last deck been reached
IXI a CBKT

NO= YES

Store dictionary count
NDICT -NBD RETURN
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YEOM

RDIR

100

100
Print error message:
EPROR WHILE READING BINARY DIRECTORY-
DECK XXXXXX HAS NO REQUIREMENTS POINTER =XXXXXXX

Print contents of directory

Call abort routine terminal error
CALL MXCALL(3RABT, 0)
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YEOM

REDFK

Subrout~ine REDEK
(FILE, NAME, BUFF, LNGT-,

EDFLG, STATUS, IN, OUT)

Read from OLDBL

40 ncemNO I toYExt

Reddeck from L~O fil

<CALL REED(BUFF, 1, LNGTH, 2, I, L)

End Of File read

NO~ NOE5

70 etdec lmis St OFindcao5IN 1 OUT- LREDFG -3, NME



YEOM

REDEK

OUt -I BUFF(iner-

IN - 2

Re e p ointe odcknm

ke-BFpointer to eck size

se k a that LA dekisiammry

Staen t NRAnd endingat oT
REDFLG - 1 ETR

NAMEl) BUF(INNAE(Z - BFF(N~J

REUR

j pintr o dck36 m

k ontrtodcksz



YEOM

RITDEK

Subroutine R ITDEK
(FILE, BUFF, LNGTH, STATUS,

IN, OUT, REDF LG, IRIT)

Test for final NEWBL write

II
NOEYE

Write packed binary decks record
CALL RITE BFZ1,I 3

Reset BF2pointer
IP- 

20 F Save size of deck
IBUF.<2Z(IP) - OUT-IN+l

IP.- IP+I

Move deck to BUFF2
BUFF2(IP) - BUFFi

IP.- IP+1
1__30

35
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YEOM

RITDEK

L ESONOTHL) - A,

Cs heck a Mrark Library xernal
GALL LIBKBUFN 0 T

Write deck on lirary file

<CA LL RITEL (BUFF,IOUT, ,1)

Reor lbrrydek38 m



YEOM

SORT

SuboutneSORT
A, , N MA, M, ASK, MODE)

[Preset:
MASKI -MASK Input bit mask
BIT - 0 Kth bit (sign)
TOP -I 1st column

tBOT -MAX Last column
K - 1 Stack pointer
STAGK(1) - (MAX+1)* 1000
SWITCH - 1 Bit sort on
I -TOP 1st column
J -BOT Last column

20HasNtheri potr apaeuteri bot one

MOD9

F ~ ~~~~~ 0 ± 0- alpha---------- - - - - ----



YEOM

SORT

30 Is bottom element positive
-[ A(J, MM) 2! 0_
SYES I- NO D

40 Decrement bottom pointer
J--J-1 p

Has the top pointer passed the bottom pointer
I<J

NO YES

WIncrement top pointer10

7 - - 17? _~

NC1, N

Interchange each element in row I and J
TEMP - A(I, NC)
A(I, NC) - A(J, NC)
A(J, NC) - TEMP

Move top pointer down and bottom pointer up
I .- 1+1
J .-J+1

Has top met bottom

NO< I YES= I YES>

Is element negativeA(I, MM) < 0 ' 0

YES I NO 1

2 -40



YEOM

SORT

100 Have ai bits- in MASK betcn sorted

SWITCH = 0
YES [ NO

il10 Hav,- all stacks been sorted

NO YES .... RETURN

Pop pointers from STACK for the Kth bit
TOP .- STACK(K) / 1000
BIT .- STACK(K) -TOP* 1000
K .- K-i
BOT - STACK(K)!1000-I

120 Push pointer into STACK for the Kth bit I

K -K+I
STACK(K) .- I- 1000+BIT
BOT -I- 

2 5J Has top passed the bottom
BOT >- TOP

YESN NO

130 Sort current stack
I - TOP
J '-BOT
SWITCH - I

140 1 .
Get rext bit to Fzort on

CA LL MASKR(BIT, MASI'2,SWITCH, M)_7

150
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YEOM

SORT
.9

150-Is bit Mat the topa 1 bitSA(I, MM). AND. M 0
NO YES

Has the top passed the bottom

NO I YES 170

Psition top to next column
I - I+I

16Fi T- biM at the bottom a 0 bit -b NO YESi

Position bottom (up) to next column
J-J-1

Has the top passed the bottom

NO YES

NC=1,N

170 Interchange each element in ro, I and J
TEMP .- A(I,NG)
A(I,NC) -A(J,NC)

171 A(J, NC) - TEMP

Increment top down and decrement bottom up

F I .- I+1 -1 A

L J.-J-1
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YEOM

SORT

A Is the top above the bottom

NO YES 10

Is the top below the bottom
: I >J

NO JYES 100

Top and bottom coincide
Is bi.t M a 0 bit

AM MM), AND, M = 0
NO YES

2
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YEOM

UPDIR

Subroutine
UPDIR

Was master directory read in from file OLDBL
NBD 0 0

NO YES

Are the-e niew decks on file LGO
NLD 0 0

NOYE

1=1, NOICT 2

30 Decks are in sequential order - mark deck order

DORDR(i) - i

250

40

Begin OLDBL and LGO directory merge
Print FORMATS # 710 and 711

etpointers
. modified decks counter

IX6 - NED LGO dictionary pointer
IXO - I binary dictionary pointer
NDICI - 0 dictionary counter

Set LGOdictionary entry pointers:

IXI - NED +1I (lower limit)
IXZ -NED + NLD (upper limit) ]
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YEOM

UPDIR

ix=IXI.IXZ-

Has binary pointer exceeded binary limit
B ~IXO >NBD

N/ i=IXO. N BD _ NOYE

Does LGO name match binary narne
DICT(ix) DICTMi

YES

1103 "

New deck on LGO - mark it

IX6 - X6 +1I (pointer)
DICT.1X6) - DICT(ix) (name)
BASEL(IX6) -BASEL(ix) (req. pointer)
DOhRDR(WX) -NDICT. OR. 20000B (deck order)

20000OB indicates LGO file

_ _ _ _ _ _ _ _ _ _ __(I I5

120

W nce en deck ceoune an mark wsfon

deoneck torstderksipe

NDICT - NDICT + I

I DORDRU) -NDICT

13011

I Reset binary directL :y pointerI IXO 1 14
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YEOM

UPDIR

140

~40 Binary deck modified -on LGch file
Increment deck counter and override

Binary requirements with LGO requirements
NDICT - NDICT + 1
BASEL(IXO) - BASEL(ix)

Mark deck order and indicate both files
DORDR(IX0) - NDICT. OR. 300000B[ 300000B indicates deck on both files

Save deck name for modified deck print
iIM - IM + I

IMOD(IM) - DICT(IXO)

Increment binary dictionary pointer
F-£--1 IX0 - IX0 + I

1-as IMOD buffer been filled

IM 10

YES NO

Print modified deck buffer IMOD(I), Il=1. 10
Reset IMOD pointer IM -- 0

150 150

Has binary dictionary pointer exceeded the
number of binary deck entries

IXO > NBD

NO YES

i=IXO,NBD- -

Sequenc. remainder of decks (deck order)
NDICT - NDICT + I
DcbRDR(i) - NDICT

152 ,f-
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YEOM

UPDIR

i=IX. IXZ

Remaining decks are on file LGO mark them
NDICT NDICT - I (dictionary counter)
I X6 1X6 4- 1 (LGO pointer)
DICT(IX6) -DICT(i) (name)

I BASEL(IX6) -BASE L(i) (requirements)
DchRDR(IX6) -NDICT. OR. 20000 B (deck order)

20000B indicates deck is on file LGO~

1 601

200
zooAre there any deck names in IMOD buffer

IM A 0

YES NO

Print: Format N 711 and 714

Sortthe colmsofDI array an dc name(l1

crinl Foma an 3 of DaCT arra

2504



YEOM

WDIR

WDIR

Print FORMAT #20
MASTER DIRECTORY

Have the LGO and OLDBL files been mergedI

NOS YEO4

fort 1 logical record

<~~~~~ -48 1lgia rcr



YEI?

WDIR

i1l, NDIGT

I Get pointer to deck requirements

IX -___E~i

I ' Get niumber of requirements
IX -jIXZ,1X3 ND 777

j IX2

Move deck names to FILE

I I FILE(IXI) -BASE.

I I Does FILE contain 1 logical record
IIXi = 512

YES NO

IWrite 1 logical record

I 46

YES N

Print FORMAT #50

60 BASE (IB), IB=IXZ, IX2 +1X3 -1
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YEWM

XRFF

Subroutine
X REF

Print FOiRMA~T 0 250
RE~b.~ATBLE CROSS REFERENCE MAP]

j: 1,NDICT

Pointer to Deck(i) requirements
IX2 -BASEL(i)

I Number of requirements for Deck(i)
I 1IX3 - BASE(IXZ). AND. 7777 B

Replace deck na- and count with
I BAS -4IX2) - i

I _ _

Does Deck(i) have any requirements
IX3 > t

IYES N

I 
et limits of requirements

J=l LX3

I OR deck index i with requirements
IBASE(IXZ) -BASE(IX2). OR.F

Increment requirement pointer
L IX2- IXZ+lI

30L5



YEOM

XREF

IXI - BBKT + ND!CT - -first

IX3 - IX- - -Ifirst- I
IX2 CBKT - lXI - number

1, NDICT

Find Decih(f) in thc BUCKET
NUMBER - DICT(i)

r I CALL BINSCM(BArSE(IXI), IXZ, 77777777777777000000OB)

~B __I

Initaliz crs eeecHon



YEOM

XREF

80

80
Increment cross reference counter

ICT - ICT + I

Get index to deck being referenced
X4 - BASE(JLOC). AND. 7777B

~B) ___

Store deck name referencing Deck(i)

DIORDR%!CT) - DICT(IX4). AND. 77777777777777000000B

I Increment BUCKET pointer
{ JLOC - J LqC t I

Is the next deck referencing Deck(i)DO RDR = BASE(J LOC). AND. 77777777777777000000B

I -.NO [YES' 91
II

I901 Print FO RMAT # 200 (DORDR (N), N= 1. ICT) |

| DECK(i) X XREF(1) XREF(Z) --- XREF(ICT)

100!

R5ETURN)
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2. ,Z YEOMAN EQUATIONS

Progrzm YEOMAN contains no equations other than those

P-puired for indexing. A7I variables used by the program are integer by

default or are typed as integer. Program YEOMAN is the executive control

that examines tape file inputs to deteronine the functional flow of the
program.

Subroutine BINSCM performs a binary search on an array

of alphanumeric-sorted deck names. The number of bits with which the

search is made is controlled by an input mask. A logical AND is applied

to the word in the array prior to its comparison, which allows the search

to be any bit configuration as a function ol the input mask. The calling

sequence is:

CALL BINSCM(IARAY, NSIZE, MASK)

where

IARAY = array containing alphanumeric-sorted deck names

NSIZE = number of dcck names in array IARAY

MASK = mask used in binary search (if entered 0, no masking
is used for the search)

Subroutine communication is by the labeled commc • statement:

COMMON/SEARCH/NUMBER, JLOC, IPASTE, JLOC2, MARKER

where

NUMBER = alpha deck name searching for JLOC

JLOC index relative to IARAY where deck was found
(0 indicates deck name could not be found)

MARKER = Aag with which to OR the deck name if
NUMBER - IARAY(JLOC), withovt using a mask

YEOMAN utility subroutine (no flow charts).
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IPASTE = not used

JLOCZ = not used

Subroutine BUILD reads each deck on file LGO to obtain the

order of relocatable decks and the external requirements of each deck.

Subroutine HTOLD unpacks an input array containing BCD

deck names separated by a comma. Each deck name is placed in the output

array (one name per output array element in a left-justified format) until

terminated by a blank or a right parenthesis, or until eight deck names have

been unpacked. The calling sequence is:

CALL HTOLD(INBUF, IOB UF, N)

whe re

INBUF = input array containing deck names separated by a
comma

IOBUF = output array containing unpacked (left-justified format)
deck names

N = number of deck names unpacked

Function IFIND is used to address absolute locations rela-

tive to a program's starting address. IFIND is used mainly to interrogate

tape parameters that start in relative address 2. The calling sequence is:

I = IFIND(IADD)

where

IADD = relative address to location 0

I = contents of relative address IADD

For examniple, if

I = IFIND(IFIND(Z))

YEOMAN utility subroutine (no flow charts).
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location 2 contains the address of the name of tape parameter i, and I

contains the BCD name (L format) of tape parameter 1.

Function IHTOL* converts a BCD H-format word to a BCD

L-format word. The calling sequence is:

A = IHTOL(IWRD)

whe re

IWRD = BCD H-format word

A = IWRD converted to BCD L-format word

Subroutine ISCAN" goes through an array looking for a word

with a i in bit position 59. When this word is found, control is returned to

the calling routine with the new pointer. If the word is not found, control is

returned with the pointer set to zero. This subroutine is used by subroutine

MARKDEK to determine the TRP external requirements. The calling

sequence is:

CALL ISCAN(LIST, NLIST, POINTER)

where

LIST = array being searched

NLIST = number of words ia array LIST

POINTER - pointer in LIST array that searches for word
containing a .in bit position 0 (set to zero if
word is not found)

Subroutine LIBCHK checks the external requirements of decks

being written to the TRPC file to identify all library requirements of the

deck. The calling sequence is:

CALL LIBCHK(BUFF, IN, OUT)

*YEOMAN utility subroutine (no flow charts).
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where

BUFF = buffer containing the relocatable deck

IN = first word index to BUFF

OUT = last word index to BUFF

Subroutine MARKDEK reads the TRP REQ/NREQ deck and

marks all required input decks. It cycles through the directory marking all

external requirements (commons, subroutines, functions) until all require-

ments are satisfied and then re-sorts the marked directory back to deck

order.

Subroutine MASKR is used by subroutine SORT to interrogate

the input mask starting at bit position BIT and to output a mask containing a

i in the next bit position to sort on. The calling sequence is:

CALL MASKR(BIT, MASK, SWITCH, NM)

where

BIT current position (bit number) that input mask is
being interrogated

MASK = input sorting mask (the bits set to I determine the
bit positions to sort on)

SWITCH = completion flag:
i = more bits to sort on
0 = sorting is complete

NM = output mask containing a i in the bit position to be
sorted (sign bit Is 0, where bit positions are 0 - 59)

Subroutine MERGDEK merges input files OLDBL and LGO to

create file NEWBL and/or file TRPG (as dictated by the TRP REQ/NREQ

input deck).

Subroutine MERGLIB decodes overlay cards and sets appro-

propriate masks for library merge of the current overlay. It inserts the
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K)%

library decks marked required by subroutine LIBCHK at the end of each

overlay. The calling sequence is:

CALL MERGLIB(IDEK, NDEK)

where

IDEK = overlay flag:

7HOVERLAY = positioned at the beginning of an
overlay

7HOVERLAY = positioned at the end of an overlay

NDEK = array used to store the names of the library decks
inserted into the current overlay

Subroutine MXCALL is called by YEOMAN when an abort

situation occurs. MXCALL passes the first parameter to system macro

ABORT to return control to the operating system. The calling sequence is:

CALL MXCALL(3RABTI)

where

3RABT = system recognizes that an abort of the program
is requested

I= not used

Subroutine OLPRNT prints an overlay card and the deck

names that have been output to file TRPC. OLPRNT also gives control to

subroutine MERGL1B at the start and end of each overlay for library deck

insertion. The calling sequence is:

CALL OLPRNT(ICD, NEDK, IDEK)

where

ICD = number of decks output to file TRPC in the current
overlay
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IDEK = overlay flag:

7HOVERLAY = positioned at the beginning of
an overlay

7HOVERLAY = array containing the size of ICD
decks written to file TRPC

NDEK = array containing the names of ICD decks written to
file TRPC

Subroutine RDIR reads the directory from the OLDBL

to obtain the order of the relocatable decks and the external requirements
of each deck.

Subroutine REDEK controls the reading of the OLDBL and

LGO files. The calling sequence is:

CALL RDEK(FILE, NAMe, BUFF, LNGTH, REDFLG, STATUS, IN, OUT)

where

FILE = BCD file indicator:

5LTAPEB = read next deck from file OLDBL
3LLGO = read next deck from file LGO

NAME(i) = name of relocatable deck read
(2) = size of relocatable deck read

BUFF = buffer area to read the deck into

LNGTH = number of words contained in relocatable deck

REDFLG = read status indicator:

0 = end of file read
I = deck read
2 = overlay card read

STATUS = not used

IN = current pointer that contains first word of relocatable
deck read

OUT = current pointer that contains last word of relocatable
deck read
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Subroutine READL is used to read decks residing on the

LGO file. READL tests for errors on the LGO file; if errors are encoun-

tered, a printed message is output and the deck is skipped. The calling

sequence is:

CALL READL (LOC, IA, IB, ITP, ISTAT, LEN)

where

LOC = buffer name to read the data into

IA = first word index to LOC

IB = last word index to LOC

ITP = LGO file number to read

ISTAT = go status flag: j

0 = LGO file read
i = end of file read on LGO file

LEN = number of words read

SubroutiAe REED is used to buffer in data and return the
number of words read. The calling sequence is:

CALL REED (LOC, IA, IB, ITP, ISTAT, LEN)

where

LOC = buffer name to read the data into

IA = first word index to LOC

IB = last word index to LOC

ITP = tape file number to read

ISTAT = go status flag:

0 = file ITP read successfully
i = end of file read on file ITP

LEN = number of words read

*YEOMAN utility subroutine (no flow charts).
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Subroutine RITDEK controls the writing of the NEWBL and

TRPC files. RITDEK also gives control to subroutine LIBCHK for library

requirement interrogation. The calling sequence is:

CALL RITDEK (FILE, BUFF, LNGTH,SrATUS, IN, OUT, RED'LG, IRIT)

where

FILE = not used

BUFF = buffer area from which to write the relocatable deck

LNGTH = not used

NAME = name of the deck being writter.

REDFLG = not used

STATUS = not u.:ed

IN = pointer that contains the first word of the relocatable
deck to be written

OUT = pointer that contains the last word of the relocatable
deck to be written

IRIT = file write indicator:

i or 3 = write deck to NEWBL
Z or 3 = write deck to TRPC or library file

Subroutine RITE is used to buffer out data. The calling

sequence is:

CALL RITE (LOC, IA, IB, ITP)

whe re

LOC = buffer name from which to write the data

IA = first word index to LOC to start write

IB = last word index to LOC to end write

ITP = tape file number to write

YEOMAN utility subroutine (no flow charts).
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Subroutine RITEL is used to write the TRPC file. The

calling sequence is:

CALL RITEL (LOC, IA, IB, ITP)

where

LOC = buffer name from which to write the deck

IA = first word index to LOC to start write

IB = last word index to LOC to end write

ITP = tape file number to write

Subroutine SORT sorts an array of I rows and J columns by
entries in the Nt h column. The sorting is ARRAY(1,N) = min,...,

ARRAY(I, N) = max, according to the bits set in the mask. A mask of all

ones and mode 0 is a normal numerical sorting mode, which works fcs? input

vectors of any type. Sorting is performed within a column of bits down the

array with zeros sorted low and ones sorted high. The sorting time is

linearly proportional to L * M, where L is tb length of column in the array

being sorted and M is the number of nonzero positions in the mask. ARRAY

is sorted back into itself, so no extra working storage is required. The
calling sequence is:

CALL SORT (ARRAY, I, J, L, N, MASK, MODE)

where

ARRAY = array with I rows and J columns to be sorted

I = number of rows in ARRAY

J = number of columns in ARRAY

L = number of elements in each row to be sorted

N = column of ARRAY to be sorted; all other columns are
moved as a function of the sort on this column

YEOMAN utility subroutine (no flow charts).
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MASK - nonzero bits in MASK specify the bit positions to be
used in the sorting process

MODE = sorting mode:

S0 = bit 0 is not to be considered as a sign bit

0 = the sign bit is to be considered, and all n'.gative
items are placed at the bottom of the arra-y

Subroutine UPDIR merges the OLDBL and LGO directory

information to an updated directory. It then sorts the new directory

alphanumerically, retaining deck order and file residence information.

Subroutine WDIR writes the updated directory on the NEWBL

file.

Subroutine XREF prints out a cross reference map of the

complete TRP library.
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2.3 YEOMAN INPUTS

Input may be made to Program YEOM by three methods. The

first is by way of REQ/NREQ data decks, the second is by calling sequence
parameters (Table Z-i), and the third is by a compiler-created library file

that contains relocatable subroutine decks and newly created subroutines

(Sec. 2 of the TRP Milestone 7 Report).

The only card input to Program YEOM is the REQ/NREQ input

deck, which contains the TRP model names and designates the final pro-

gram configuration t. be written on file TRPC. Absence of this deck (EOR

card only) negates the generation of file TRPC. This deck should be removed

when a new binary library (NEWBL) is generated and a program configuration

is not needed.

Model names are considered as primary members whenever a

hierarchy of decks exists. All decks in a hierarchy are designated as required

if the primary member of the hierarchy is required.
There are six REQ/NREQ control cards. In the REQ/NREQ

deck structure, each control card (except NO MORE) may be followed by one

or more data cards containing deck names. Each deck cited on a data card

is processed according to the preceding control card, until a new control

card is encountered. The REQ card is used to designate the decks required.

1 11 80

cc Contents

1-3 REQ
4-10 Blank

11-80 User's comments

I
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Table 2-1. Calling Sequence Parameters

Calling Sequence
Parameter No. Default Description

1 IFLG The first five characters of this parameter
are used to select YEOMAN options.
These characters may be input in any order.
Note that IFLG (default) does not contain
any of the input characters:

P Used as a flag to the program to print
intermediate output. The P option is
automatically set when a NEWBL is
generated

C Print file COMPILE with C/ common
suppression and UPDATE identifiers
shifted left

S Same as C except that printed output is
compressed (8 lines/inch)

E Program aborts if an error is encoun-
tered on LGO file (default)

O Program ignores (skips) errors encoun-
tered on LGO file

2 TAPEZa Generates a new TRP relocatable binary
tape when this parameter is input as
NEWBL

a3 OLDBL File containing the old TRP relocatable
binary tape. If the file is empty, program
assumes all input decks are on file LGO

a
4 LGO File containing the newly compiled TRP

decks. If this file is empty, the program
assumes all input decks are on file
OLDBL

5 TRPC File containing TRP program configuration
to be loaded

6 INPUTa Input file that the REQ/NREQ deck is on

aNo that TAPE3 = TAPEZ, TAPEI = OLDBL, TAPEB - OLDBL,

TAPEZ = LGO, TAPE5 = INPUT, and TAPE7 = TRPC.
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The NREQ card is used to identify unwanted decks.

1 11 80

NR EQ

cc Contents
1-4 NREQ
5-10 Blank

11-80 User's comments

The NREQE card is the same as the NREQ card.

1 11 80

NREE I

cc Contents

1-5 NREOE
6-10 Blank

11-80 User's comments

Each deck whose name appears on a data card following the

NREQR control card is replaced by subroutine that immediately returns con-

trol to the calling program.

1 11 80

NREOR I_ - i
cc Contents

1-5 NREOR
6-10 Blank

11-80 User's comments

The LIBR card is used to designate libiary decks. Compiled

decks are on the LGO file; uncompiled decks are on OLDBL. The only rule is

that each deck must appear before the first overlay requiring it. Library decks

are automatically inserted into the overlays that require them.

1 11 80

LIBR

cc Contents

1-4 LIBR
5-10 Blank

11-80 User's comments
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The NO MORE control card signifies the end of the REQ/NREQ data deck.

1 11 80

NO MORE

cc Contents
1-7 NO MORE
8-10 Blank

11-80 User's comnents

All data cards that follow the REQ/NREQ control cards are in

one of the following formats:

Format 1
1 1! 80

DNAME____
cc Contents

1-6 Deck name
7-10 BIank

11-80 User's comments

Format 2

1 80

DECKI. DECK2, DECK3, DECK4 - UP TO 8 DECKS

Up to 8 deck names may be entered per card; each deck name

is separated by a comma. The first blank encountered ends the list, and the

remainder of the card is interpreted as user's comments.

Output from Program YEOM consists of a disc file (TRPC) of

relocatable decks that contains the TRP program configuration dictated by the

model names in the REQ/NREQ input deck.

An updated version of the OLDBL may be generated on tape

NEWBL,
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2.4 YEOMAN OUTPUTS

Output from the YEOMAN program consists of a disc file

(TRPC) of relocatable decks that contains the TRP program configuration

dictated by the model names in the REO/NREQ input deck. An updated

version of the OLDBL may be generated on tape NEWBL.

All YEOM variable outputs are integer by default or are

typed as integer (Table 2-2).

The models that make up the TRP program (the full set that
resides on the source file) are shown in Table 2-3. Loading this set of

models results in the subroutine map shown in Table 2-4. This table gives

the ordering of subroutines and also shows the overlay in which they reside.

For most runs, the full set of models is not required; the user can specify

through YEOMAN the models that are required and those that are not. The

user can also identify specific subroutines known to be unnecessary even

though YEOMAN, through the automatic determination of required subroutines,

would specify that it be loaded. This technique is useful in minimizing the

core size required for execution.

The required models, the models that are not required, several

modules that are not required, and some individual subroutines that are not

used for the operational version of TRP are shown in Table 2-5. The YEO-

MAN input cards needed to configure the op rational version of TRP are listed

in this table. This configuration results in the subroutine map shown in

Table 2-6.
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Table 2-Z. YEOMAN Output Variables

Mnemonic Units Description

BTAPE N. D. OLDBL flag:
0 = OLDBL is vacant

e 0 = Relocatable decks reside on
file OLDBL

LGO N. D. LGO flag:
0 = LGO is vacant

d0 = Relocatable decks reside on
file LGO

NBTAPE N. D. NEWBL flag:
0 = TRP binary file NEWBL is

generated
e 0 = NEWBL is not generated

NMVS N.D. TRPC flag:
0 = TRP program configuration

flag TRPC is not generated
d 0 = TRPC is generated

PRINTP N.D. Intermediate print flag:
0 = intermediate print is not

output
e 0 = intermediate print is output

NBD N.D. Counts number of binary decks that
reside on file OLDBL

NLD N.D. Counts number of binary decks that
reside on file LGO

NREQD N.D. Counts maximum number of decks to
be considered when output file TRPC
is merged

NDICT N.D. Counts total number of decks in the
directory after it has been m-rged
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Table 2-2. YEOMAN Output Variables (Continued)

Mnemonic Units Description

DICT(2000, 3) BCD Directory vector (Col. i):
Col. i contains deck names with
REQ/NREQ information in the
following format:

where I = 2B indicates that a deck
is required, I = iOB indicates that
a dummy return deck is required,
and I = 20B indicates that a deck
is not required

BASEL N. D. Directory vector (Col. 2):
Relative BASE pointer to deck
requirements

DORDR N.D. Director, vector (Col. 3):
Deck order and file residence
information for deck in Col. i:

*DORDR = R*10000B+N

where N = deck order and R = file
residence (R = i indicates deck is on
file CLDBL, R = 2 indicates deck is
on file LGO, and R = 3 indicates
deck is on both files)

NUMBER BCD Deck name to be searched for by binary
search routines

JLOC N. D. Relative location in array where
NUMBER was found

JLOC2 N. D. Relati,,e location if NUMBER has two
entries in array

MARKER N. D. Mask used to OR requirement flags in
deck names found by binary search

routines
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Table 2-2. YEOMAN Output Variables (Continued)

Mnemonic Units Description

BASE N. D. Buffer that contains the OLDBL
relocatable directory

BBKT N. D. Pointer to first work in array BASE

CBKT N. D. Current pointer to array BASE

EBKT N. D. Pointer to last word in array BASE
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SECTION 3

COORDINATE SYSTEMS AND TYPES

A number of coordinate systems and types are used in TRP.

A coordinate system is a set of well defined points and lines to which mea-

surements can be referenced. Coordinate types are the measurements

necessary to specify the position and velocity of an object relative to a par-

ticular coordinate system.

All coordinate systems used in TRP are right-handed, where

the triad is denoted by (x, y, z), (1, 2, 3), (u, v, w), etc. Wherever pos-

sible, coordinate frames are assigned an upper case alphabetic character

for identification (e.g., A, B, or C).

The coordinate transformation from the A to the B coordinate

system is symbolically denoted as [AB] and is assigned the mnemonic ABI i.

Matrices are usually stored by rows; the inverse of an orthogonal matrix is

never stored explicitly, even though it may be required explicitly in an

equation.

The ij element of [AB] is located symbolically at ABij, where

i and j are integers, or (more often) ABij is located at cell ABIi + k, where

k is the address of ABij relative to ABIi.

A shorthand notation is used to describe the rotations required

to generate an orthogonal transformation matrix. The notation is contained

in parenthetical expressions of the form (a,, '2 ) , where

Q! = axis of rotation (i, 2, or 3)

02 -angle of rotation in the right-hand sense

Thus, the expression (proceeding from right to left)

[AB] = (1,p) (2,450) [I]

where [I] is the identity matrix
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is equivalent to the expression

1 0 0 Fcos 45 0 -sin 456

[ABI = cos sin3 0 0 [I]

-sin 0 cos L sin 45* 0 cos 45*J

Coordinate systems require either a time, angle, or position

specification (or a combination of these) to uniquely define the system. The

necessary times, angles, and positions are defined below:

Epoch = an arbitrary time required to define the earth-

centered inertial Cartesian coordinate system

(Sec. 3. t. 1). Epoch is usually chosen to either

coincide with the missile launch or to precede

the missile launch by a few seconds. Year,

month, day, and time since midnight inputs

are used to specify epoch.

Launch time = an arbitrary time, specified by the user,

required to define the launch-centered inertial

coordinate system (Sec. 3. 1. 3). If the missile

being simulated is to fly from the pad, the

launch time is the time the missile leaves the

pad (normally, t = 0).

Launch site = an arbitrary position, specified by the user,

required to define the launch-centered inertial

coordinate system (Sec. 3. 1.3). If the missile

being simulated is to fly from the pad, the

launch site is the location of the launch pad in

latitude, longitude, altitude, and azimuth

coordinates.
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Launch azimuth = an arbitrary angle, measured from true north
at the launch site to the launch plane, required

to define the launch-centered inertial

coordinate system (Sec. 3.1.3). If the missile

being simulated is to fly from the pad, the

launch azimuth is the downrange direction if

a roll program is not used.

Earth reference a mathematical representation of the sea level
ellipsoid surface of the earth (Fig. 3-1). The earth ref-

erence ellipsoid is an ellipsoid of revolution

Pnh-t 1:he rotational axis of the earth with a

semimajor axis of 20925672.6 feet and a semi-

minor axis of 20855511 feet.

3. 1 COORDINATE SYSTEMS

The principal TRP coordinate systems are described in this

section. Particularly important transformations are also delineated.

3. 1. 1 Computational Coordinate System I

The differential equations for translational motion are inte-

grated in the inertial Cartesian coordinate system I. This system has its

origin at the center of the principal attracting body at the start of each simu-

lation. The X and Y axes lie in the equatorial plane of this body, and Z is

directed along the north polar axis. If the body rotates, its rotational rate is

assumed to be f2 about Z (Fig. 3-2).

If the nutation flag NUTF 1 0, the equatorial components of

nutation and precession are accounted for; the result is that TRP uses a true

equator and equinox of date (instant). If NUTF = 0, only the equatorial pre-

cession is accounted for, and TRP uses a true equator and mean equinox of

epoch. When the year of epoch is input negative, the coordinate system X

axis is forced to be on the Greenwich meridian.

3-3



INORI

SEMIMAJO AXSAaXIS0257.6f
SEMIMNOR XIS ( ) =20855X1If

Note: Preset valuis aprofmt the WGS tndr

Fig. 3-1. Erthe eferenesipid

(MAJOR AX4



I-I

GREENWICH OR PRIME VEHICLE

MERIDIAN AT MIDNIGHT

GREENWICH OR PRIME
MERIDIAN AT

ttd -tsel +tfg +tfr

GHA(O)

ge (td - tsel +tfg +tfr)

Fig. 3-2. Computational Coordinate System I

The symbols used are defined as follows:

X z vehicle right ascension with respect to the I frame, or

vehicle longitude referenced from the X axis of the I

frame. The X axis is directed toward the vernal equi-

nox by input of year, month, and day of epoch.

X vehicle longitude as measured positively in the right-

han-l sense from the prime meridian (Greenwich on

the earth).

GHA(O) angle, measured in the right-hand sense, from the

X axis of the I coordinate frame to the Greenwich

meridian. It is computed for zero hours (midnight)

from input of day, month, and year.

t d  =simulation time (generally referred to as the

dynamics time).
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tsel time at which the simulation starts in channel I

(td - t.se = 0 at start of simulation).

t = time since zero hour of the reference day to the start-fg
ing time tsel , where t fg*Q e gives the rotation angle that

the Greenwich meridian has traversed since midnight.

tfr time since a fixed reference date was established. Pre-

cession and nutation effects terminate at the year, month,

and day chosen. This input allows the use of inputs from

other programs, such as the AOES (Advanced Orbit

Ephemeris System), to be used instead of the usual off-

set reference date.

PI vehicle position vector in the I coordinate system.

rotational rate of the reference ellipsoid.
e

Note that the relation between X and X is given by

X =Xk GHA (0) - Qe(td - tse + tg + tfr

3.1. 2 Vehicle Zero Reference Coordinate System Q

The Q coordinate system is a Cartesian coordinate system

originating at the vehicle zero reference station. This station can be arbi-

trarily assigned with respect to the vehicle, although it is usually located at

the nose of the vehicle or at some point near the vehicle's forward extrernr:y.

The X axis of the Q frame points positively forward along the vehicle center-

line or roll axis; the Y and Z axes complete a right-handed orthogonal system

with Z up and Y left when looking in the positive X direction (Fig. 3-3).

Vehicle locations are all referenced to the Q station. For

example, the vehicle center of pressure and center of gravity are often speci-
!ied tabularly with respect to the Q station, as a function of parameters such

as Mach number and vehicle weight, respectively. Engine nozzles are
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VEHICLE ZERO
REFERENCE STATION - /

/ Y00eft)

Xo0

Fig. 3-3. Vehicle Zero Reference Coordinate System Q

specified relative to the Q system for 6D applications. Vehicle (Q) reference

points may noc lie on the vehicle centerline, but this poses no problem be-

cause three-dimensional references can be made from the Q frame to any

desired point in, on, or about the vehicle. Engine nozzle locations in the Q

system are shown in Fig. 3-4.

3. 1. 3 Vehicle Body Coordinate System B (RMOTM)

The vehicle's instantaneous center of gravity serves as the

origin for the Cartesian B coordinate system (Fig. 3-5). The X, Y, and Z

axes of this coordinate system are parallel to those of the Q coordinate

system,

Rotational motion of the vehicle is measured in terms of

rotation about the axes of this coordinate system. Vehicle attitude is also

measured from this frame to other frames, one of which is the I frame

(Sec. 3. 1.1). This [IB] transformation matrix contains the direction co-

sines of each body axis referenced to inertial space.
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ENGINE 2

CEENGINE 1

ENGINE 1 ENGINE 2 ENGINE 3 ENGNE 4
P =X 'nO = P

nx~l= +X Pnx2 0 nxQ3 = -X0  Px 0 4 = X

0. 0- nyQ2=-YO P,.yO3 =0- P nO4= 0.

PQ Z 0  PzO2 =0. PzQ ZO P. 4 O.

PRF1  1. PRF2 =3. PRF3 = 2. PRF4 =1.

6PMl +6 6m 0. *p3, = 0. 6rA 0.

yVMl 0. =y2 0. 5ym3 = 0. 6ym4 =0.

Fig. 3-4. Engine Nozzle Location and Orientation in the Vehicle
Coordinate System Q: Examples

Rotations about X bpY bZ bare vehicle roll, pitch, and yaw,

respectively. The position of the vehicle center of gravity (or the origin of

the B frame), as referenced from Q, is given by

P cgQ P cgY Q
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0  - gY

ZERO
STATION

Fig. 3-5. Vehicle Body Coordinate System B

Similarly, the center of pressure and thrust application points are given

relative to Qby the expressions

CPQ [CPYoj

P NXQ]

= Q NYQ
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3. 1.4 Launch-Centered Inertial Coordinate System L

(TMOTM)

At the start of a simulation, the inertial Cartesian coordinate

system L is established. This coordinate frame normally has its origin at

the vehicle center of gravity at the start of a simulation and is always fixed

inertially with respect to the I frame (Fig. 3-6).

Z YZ

REFERENCEhaL N' "- AzL  ELLIPSOID

r;o /

' I

xVI

4AL

X1  YG

PRIME MERIDIAN

Fig. 3-6. Launch-Centered Inertial Coordinate System L

The origin of the L frame defines the location of the vehicle

center of gravity with respect to the I frame at t = tfg, providing that the

initial position (PI0) of the vehicle is computed from the astronomic lati-

tude OAL' astronomic longitude XAL' height above sea level hsL , geoidal

separation NL, and launch aximuth Az All of these taken together define

the origin of the L frame. The quantity YG is the rotation angle since zero

hour of epoch to time tfg'
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Starting a simulation with an arbitrary origin implies that the

vehicle's center of gravity is initially specified either directly through PI0

or through some other representation of PI0* This in turn implies that the

L frame has its origin translated from the I frame at the start of a simulation

by the representation of PI0

Note that the L frame may establish the vehicle's initial cen-

ter of gravity but has nothing to do with the initial vehicle attitude, other

than to provide a reference from which to specify that attitude.

The Z axis in the L frame is directed outward along the astro-

nomic vertical, XL points along the launch azimuth of the L frame as mea-

sured clockwise from north, and YL completes the right-handed triad

(Fig. 3-6). Note that AzL need not be the downrange azimuth (but it

usually is).

The geometric relationship between geodetic and astronomic

coordinates is shown in Fig. 3-7, where

0 = geodetic latitude

OA = astronomic latitude

5N = northward deflection of the local vertical

6E = eastward deflection of the local vertical

X = east longitude

XA = east astronomic longitude

W= geodetic local vertical

WA = astronomic local vertical (plumb bob vertical)

3. t. 5 Initial Body Coordinate System B0 (RMOTM)

The initial vehicle attitude is determined through the B0 co-

ordinate system (Fig. 3-8). This coordinate frame is established relative to

the L frame so that the vehicle's initial body axes are related to the I frame

through the transformation
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6N @ * 6

#A + 6N

XF( - " -_A-
GREENWICH _/ C- NP " + 6N )

MERIDIAN

Fig. 3-7. Geometric Relationship Between
Geodetic and Astronomic Coord-
inates on a Unit Sphere

A AZL = Xbo

L b

173=0

A A- Zbo = XL

/

tJ72
- 2' A A~YL =Ybo

2 90 deg

A7

XL

Fig. 3-8. Initial Body Coordinate
System B0
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IbOI I I
IbOI Ii~ L 0

ZbOj LI L zIJ

where

X Y Z form a unit vector triad in the I frame

Xb0' Yb0' Z form a unit vector triad in the B0 frame

[ILl transforms from I to L

[LB 0 ] transforms from L to B 0?

[IB 01 transforms from I to B0

The B0 frame is referenced from the L frame through the transformation

[LB0 ] = (1,-o-) (2,c0)T (3,P0) (2 ,-0)T ( 3 ,Az 0 )T

(3, V3 (Ztl2 ) (", I )d III

where the initial values of the bank angle To, angle of attack o,p sideslip

angle POP relative flight path angle y 0 , relative azimuth angle AZa 0 , and

body rotations relative to launch , , are used.

Thus, if a vehicle simulation is started from the point at

which the L and B frames have coincident origins, if the initial vehicle

roll axis is along the astronomic vertical, and if the initial yaw axis is

directed opposite to that of XL, the above reduces to the standard preset

values of

[LBO] (3,00) (2, -90 ° ) (1,O ° )
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3. . 6 Gimbal Coordinate System G (RMOTM)

The capability for determining the vehicle attitude through

gimbal angles is computed by models in RMOTM. The vehicle attitude (in

terms of gimbal angles) is computed with respect to the G coordinate sys-

tem, which is an inertial Cartesian frame whose origin coincides with that

of the B 0 frame. It can also be thought of as a gimbal coordinate system

from which ideal platform gimbal angles can be measured, and for this rea-

son it is called the G frame (Fig. 3-9). The orientation of this coordinate

system is always defined relative to the B0 frame by the transformation

[B 0 GO] (3, 3) ("d z) ("I) []

XbO

m (inner)

d'3 (outer)

62 (middle) ZbOYb0

Fig. 3-9. Rotations to Obtain the G
Coordinate System

If the G0 frame is made equal to the B0 frame and if B0 de-

fines the usual vehicle launch attitude, the gimbal angles 010, 03 measure

roll, pitch, and yaw attitudes, respectively. However, the gimbal angle 02

is indeterminate at 90 deg, so it is standard to assign 03 as the gimbal angle

that measures pitch attitude and 0 as the gimbal angle that measures vehicle

yaw attitude. This is accomplished by setting i 90 deg and 0.
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3. 1. 7 Body Attitude Initialization

The methods for performing body attitude initialization

consist of two basic methods, each with myriads of suboptions. A good

understanding can only be obtained by careful study of module RMOTM.

The basic elements of these two methods can be obtained from the informa-

tion below.

3. t. 7. 1 Method i

Instialization under this method can only be performed at the

first event by the RMOTM module, using the launch coordinate system as a

reference.

Given the results presented in Sec. 3. 1. 5 [IB0 ] and

Sec. 3. 1. 6 [B 0 GO] plus a matrix [G o G] computed from the initial values

of the gimbal angles 00, the body attitude matrix [IB] may be obtained. Note

that [B0 G] [BO].

[G o G] = [3,0301 [2,020 ] [i, Ool0 [I]

[B 0 B] = [BG] T [G0 G] [B 0 Go]

[IB] [B 0 B] [IB 0
]

Further changes in [IB] result from [G O G] changes (as in RMOTM model i)

or from integrating [IB] (as in the remaining RMOTM models). Since so

many angles went into the creation of [IB0] and [B0 GO], Secs. 3. t. 5 and

3. 1. 6 should be reviewed with the above equations in mind.

3.1.7.2 Method 2

RMOTM models E and/or 5 may be used at any event to recom-

pute or reinitialize [IB]. A reference system is chosen by an input flag from

which misalignment angle tables and bias angles may be used. The axes of

rotation (RMAI, 2, 3) associated with these angles are also input. This is

expressed symbolically by
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01 = [SIGMT]table + 010

02 =BETATtable +0 misalignment tablesand bias angles

83 = [ALFAT]tabl e + 030 J

[IBRI = reference system option

[IB] = [RMA 3 , 0[3 RMA 2 , 02] [RMA i , 01] [IBRI

Further changes in [IB] are accomplished by using the three tables.

3. . 8 Local Horizontal Coordinate System H (ENVRM)

This geocentric coordinate system is defined by the unit

vectors along the radius vector to the vehicle, with the origin on the refer-

ence ellipsoid, and by unit vectors normal to this radius vector, pointing

north and east on the reference ellipsoid surface. The origin on the

surface is defined by the geocentric latitude 0, the longitude of the vehicle

relative to the I frame XI , and pertinent geometric parameters (Fig. 3-10),

where V

I
ZH 7p points up

H points east, perpendicular to Z H

Yl YH points north, perpendicular to ZH and XH

The H frame is related to the I frame through the orthogonal transformation

[IH] = (1, 90 - 0) (3, X + 90)

Translation of origins is also required. I
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I N IH I

XKpH

REFERENCE
ELLIPSOID

Fig. 3-10. Local Horizontal Coordinate
System H

3.1.9 Wind Coordinate System W (AERMM)

The W coordinate system is a geocentric Cartesian coordinate

frame whose origin is at the vehicle center of gravity, where the XW axis is

directed along Vai the velocity with respect to the air mass vector. The

YW axis is normal to the plane containing PI and XW , and the ZW axis com-

pletes the right-handed set. Unit vectors along each of these axes with com-

ponents in the I frame are given by the expressions.

V aXI

XW - aYI

Va
LVZIJ

X IX W -

, 

I /
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A A A

ZW =XW xYW

The components of the above unit vectors form, respectively, the rows of

[IWi, i.e.

z zX[EE [B]=
The W frame is related to the B frame through rotations involving the angle

of attack in the pitch plane a and the -ideslip angle P by the transformat'ion

[BW]-- (3, - 0) (2, - a) (1, 180)

where a is positive if the vehicle's nose is up from VaI and 13 is positive when

the vehicle's nose is right of VaI when viewed from the rear of the vehicle.

Figure 3-11 shows these angles, where

aT = total angle of attack between 5B and Va
- into the body X-Z plane

+, "- XB above the projection of V a

+3 = X B to the right of Va projection into the body X-Z plane

+13= X B to the right of Va, sideslip angle

3. 1. 10 Earth-Centered Fixed Coordinate System F

This Cartesian coordinate system (Fig. 3-12) is fixed to the

earth and rotates with it, where

0 = geometric center of the earth reference ellipsoid

XF = vector from zero perpendicular to Z F pointing to the
Greenwich meridian

YF = vector from 7.ero perpendicular to XF and ZF such that
(XF# YF' ZF) form a right-handed coordinate system

Z F = vector from zero pointing along the earth angular velocity
vector f

e
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CENTER OF -- '

GRAVITY X5 (forward)

va

Fig. 3-11. Aerodynamic Angles of Attack
in the Pitch and Yaw Planes
and Sideslip Angle 

;

ZF

GREEN WICH
MERIDIAN

0 _____F

XF

Fig. 342Z. Earth-Centered Fixed Coordinate
System F

3-19



3. t. It Launch-Centered Rotating Coordinate System R

(TMOTM)

This Cartesian coordinate system is identical to the

launch-centered inertial system L except that it rotates with the earth in-
stead of being inertially fixed. It has the same origin and the same trans -

lation vector.

3. 1. iZ Tracking Station Coordinate System S (TRAKM)

This Cartesian coordinate system is similar to the launch-

centered rotating coordinate system R. It differs from the R system in that

its origin (X r ) can be other than at the launch point and its azimuth ILr

other than downrange (Fig. 3-13).

ZF p

TRACKING STATIONGREENWICH MERIDIAN

MERIDIAN

XF F

F EQUATORIAL PLANE

Fig. 3-13. Tracking Station Coordinate System S

3.2 COORDINATE TYPES

Several coordinate types (measurements necessary to specify

the position and velocity of an object relative to a particular coordinate sys-

tem) are used in TRP. In this section, some of the more basic coordinate

types are described; note that the symbols used here do not match those used

in Sec. 2, Vol. II.
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2. 2. 1 Earth-Centered Inertial Cartesian Coordinates

(TMOTM)

Earth-centered inertial (ECI) Cartesian coordinates may be

either input to or output from TRP. Position P and velocity V in ECI coor-

dinates are depicted in Fig. 3-14, where

X = distance between zero and intersection of X I, with the line
perpendicular to 21 passing through P (input PXIO, output PXIP)

S7same as X except I is used (input PYI0, output PYIP)
Z = same as X except Z1 is used (input PZIO, output PZIP)
k = time rate of change of X  (input VXI, output VXIP)

= time rate of change of Y (input VYIO, output VYIP)

Y = time rate of change of Z (input VZIO, output VZIP)

Z

p 
YI

XI

Fig. 3-14. ECI Cartesian Coordinates

3. 2. 2 Spherical Coordinates (TMOTM, ENVRM)

Position and velocity in spherical (ADBARV) coordinates are

shown in Fig. 3-15, where

A = projection of OP onto (X I , YI) plane

OP = geocentric to point P
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TRUE "
NORTH

r 
-

Fig. 3-15. Spherical Coordinates

V = vector equal in magnitude and direction to inertial velocity

a = right ascension, angle between ! I and "A (input RAL, out-
put LONVI)

6 = declination, geocentric latitude (input LTCL, output LTCV)

= zenith angle, angle between OP and V; TRP uses y,
1 - 90 deg, inertial flight path angle (input GAMI,
output GAMI)

A = inertial azimuth, angle between true north and projection of
V onto the plane normal to -P (input AZVI, output AZVI)

r = radius, length of OP (input RADL, output RGRV)

V = magnitude of inertial velocity V (input VMI, output VMI)

3. 2. 3 Geographic Coordinates (TMOTM)

Position and velocity in geographic coordinates are shown in

Fig. 3-16, where

A projection of OP onto (XF, YF) plane

V = earth relative velocity of missile at Pa

OP = geocentric to point P

GSVP = geocentric subvehicle point at intersection of OP with the
reference ellipsoid
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ZF

TRUE
NORTH

a
h P

REFERENCE ELLIPSE
CONTAINING GEOCENTRIC 0TO POINT P Y

X
F

Fig. 3-16. Geographic Coordinates

h = geographic altitude (input HSLL, output H)

0 = geographic latitude (input LATL, output LATV)

X = geographic east longitude (input LONL, output LONV)

V = magnitude of air velocity vector (input VAM0, out-
a put VAMI)

-y = air relative flight path angle (input GAMAO, output
GAMA)

A = air relative azimuth angle (input AZVAO, output AZVA)

3.2.4 Orbital Coordinates

Orbital elements which represent the position and velocity of

the missile at point P are shown in Fig. 3-17, where

Perifocus direction = line defining shortest distance between zero
and missile elliptical orbit

a = semimajor axis of elliptical orbit of missile
(output SMAX)

e = eccentricity of elliptical orbit (output ECCEN)
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Z .9

ORBIT PLANE

P

PERIFOCUS DIRECTION

0 I y ELLIPTICAL ORBIT
*_oOF MISSILE

Q
EQUATOR

b PERIFOCUS

a DIRECTION

EARTH CENTER OF MASS

Fig. 3-17. Orbital Coordinates

i= inclination of orbit plane (output INCL)

(2 = right ascension of ascending node (output
NODE)

= argument of perifocus, angle between equa-
tor and perifocus direction along orbit plane
(output ARGP)

T time since last perifocus passage (output
TAUPM)
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SECTION 4

INTERFACE DETAILS

4.1 DATA STORAGE

Several important data storage areas within TRP are described

in this section. These data areas are important to an understanding of the

program's design and operation, and a thorough knowledge of them is particu-

larly important in debugging situations. These areas include labeled common,
the expandable BUCKET, and card data input storage.

4.1.1 Labeled Common

Labeled common (LC) blocks are used for all incernal data

communication between and within TRP modules. All computations are placed

there, and all input parameters for equations reside there (Sec. 2. 3.3. 1,

Vol. II).

Each module functionally contains an I (input) section, which

is actually one or more labeled common blocks. Each module also has a V

(variable output) section, which is also labeled common. The name of the

labeled common block includes characters that identify the module, whether

it is an I or a V section, and a number that completes the name, e.g.:

COMMON/STRVi/ Module STRTM, V section
COMMON/PROI2/ Module PROPM, I section

4. 1. 2 Expandable BUCKET Usage

The concept of the expandable BUCKET is described in

Sec. 2.3.3.2 (Vol. II). The mechanism for expansion is function CRAL,

which is described in Sec. 2.4 (Vol. II). Calls to this function result in an

extension of the field length of the size requested. The pointer passed back

from the CRAL function is a relative address to the blank common called

BUCKET. The areas in TRP that utilize CRAL to obtain variable sized work-

ing storage are described in Table 4-i. The order in which they are listed is

the nominal order in which calls are expected to occur.
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Table 4-i. TRP Subroutines Using the CRAL Function

Subroutine Module Description

EXPN INPIM Expands to size of event criteria and tabular input. The address of
individual pieces is not stored

MPEXB MPEXM Requires seven cells for GTBLU (general table lookup) function in-
termediate storage. The address is stored in LDUM of a SERVM
labeled common

PFRSI PFRPM During iteration and for the multiplier of MDiT(i) 0 (i = 1,2, 3,4),
the contents of table MDIT(i) determine the amount of storage to re-
quest. The address is stored in MDI(i) of a PFRPM labeled common

MDRD PFRPM During iteration there are two options for core allocation. Let j
MDTPE + i-I and i = 1,2,3,4:

I When the TiMD table is not input, tape ITDATI(i) contains
the weighting m'.rix. The core size allocated is n(n+t)/Z4
number of time frames (n = frame diagonal size); these
cells are stored in MDI(j) of PFRP common

2 When the multiplier J 0, table TiMD specifications are
used to determine the core size needed. The address is
stored in MDI(j)

PFRPB PFRPM During iteration, the size of the CEPT table is allocated and stored
in variable IRDLT of PFRPM. Twice NCUP cells are allocated and
stored in LPVCU if this option is chosen

TSPXB TSPXM When multiple vehicles are being modeled, an array large enough
for up to nine vehicles is allocated to store from TSPXM labeled
common variable TSPIIS to labeled common MVSA+1. The address
is stored in VEHL(ni), where m = I through 9

ITVLS ITERM During iteration, NITV rells (the number of parameters in the ITVT
table) are requested for the current solution vector, and the address
is stored in variable GMK of ITERM common. The address of NITV
cells for perturbation increments is stored in LDLI, and the address
of NITV+I cells is stored in IMAGT for keeping track of iteration
images

CAIT ITIFM During iteration, several variable sized arrays are allocated. The
following list of ITIFM labeled common variables contains the vari-
able name in which the address of requested size is found, in the
order in which they are requested:

FXRES Size NFIX, to save CVRT residuals

TIRES Size NTPi, to save tape/table residuals
(when applicable)

T9RES Size NTP9

FXPAR Size NFIX, for saving CVRT partials (one column)
TIPAR Size NTPI, for saving tape/table partials, when

applicable (one column, sequentially)

T9PAR Size NTP9
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Table 4-1. TRP Subroutines Using the CRAL Function (Continued)

Subroutine Module Description

TIBUF Size NPTI(i)+2 if multiplier TiVAL < 0 (i = I through
9) for observation data buffer, or NTPI(i)4NTPI(i)/
NVAR(i) limited to 512 for data on tape when TiVAL
table is not input

T9BUF

TiPLV Size (3*NVAR(i);Z) if TiPLF 1 0, to store one frame
of data for plot tape (i = I through 9)

RMS(i) Size NVAR(i), to store standard deviation of TiRES
for editing in PFRPM (i = I through 9)

LAUX(i) Size NVAR(i)+I, to store auxiliary variable flags for
TiCVT names (i - I through 9)

TiCVR Size NTPi(i) if TiNMF A 0, to store values of func-
tion for normalized observations (i = I through 9)

FXVR Size NFIX '2+3, to store values of functions in CVRT
table plus a posteriori standard deviations of first
three ITVT functions

LCFF Size NFIX, to store completion flags for CVRT
variables

MAX ITERM Several arrays are required for the process of maximizing or mini-
mizing ITRF = I:

LPO(i) Size equal to the number of parameters in the ITVT
associated with MAX, N (i = I through II)

LEV Size NZ if INET has not been input

LGMX Size ITVS to save values of standard ITVT param-
eters at a maximum function point

INTXB INTXM Several arrays of size NIV (maximum number of integration vari-
ables, a preset input) are used with model B:

LVAR NIV cells for location of integration variable

LDER NIV cells for location of integration variable
derivative

LCOD NIV cells for integration variable option

LLK NIV cells for integration variable sequence number

LSYI NIV cells for intermediate derivative storage

LSY2 NIV cells for intermediate variable storage

LSY3 NIV cells for extra precision accumulation

NORDRZ Size 9 'NIV when Adams -Moulton integration method
is chosen

INTXC INTXM Several arrays of size NIV are required with model C (see INTXB):

LVAR '

I Size NIV (each)

LSY3
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Table 4-i. TRP Subroutines Using the CRAL Function (Concluded)

Subroutine Module Description

INTXD INTXM Several arrays of size NIV are required with model D (similar to
INTXB, but allocation is performed in a slightly different order):

LVAR

Size NIV (each)
LLK
LSY3
LSY {I

LSY2 /

ADMZI INTXM Allocates core for model D associated with past values of derivatives
for variable step size option

NORDZ Size NIV'.'AMORDR

INS4 INFXM Allocates from 500 cells up to the size of the table for storing one or
more data frames for tables PLOTT and PLOT2T. Variables ILCA and
ILCB contain the location of the buffer whenever these tables are input

TRSI TRAKM Allocates k arrays (k 0 0, 1, 2, 3) to contain the input and output labeled
commons for TRAKM model 1, depending on how many radars are
simulated. LTSI contains the starting location of k input common ar-
rays. LTSV contains the starting location of k output common arrays

CRALZ PFRPM When the intermediate storage buffer of size NBS in PFRPM is ex-
ceeded during iteration, the overflow causes calls to CRAL to be
executed. A buffer array will not be split, but will reside in one
area or the other
CRAL may be used to fill several arrays in TRP41:

DSIGID Size (ITVS+t)(ITVS+2)/2

CKSTR Size (ITVS)(ITVSI+)/Z

SIGMA Size ITVS

LGK Size ITVS
GMKO Size ITVS

GMKI Size ITVS

STDEV Size ITVS

ITVNAM Size NITV

CVRNAM Size NFIX

PFRI has one array when NQP 0 0:
COVQ Size NQP*(NQP+i)/2

PFRPI has three arrays when EIGF 0:

IGVL Size ITVS for eigenvalues

IGVC Size ITVS*ITVS for eigenvectors

NMTI Size ITVS*ITVS fcr decomposition inverse

INPiM INPIM Sets field 1,5ngth to the initial field length whenever a control card i.
is read and just before T9300 processing
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4. t. 3 Card Data Input Storage

The input data cards are processed by INPIM and are left,

for TRP use, in three separate areas: event criteria data (ECL), tabular data,

and general data. All three areas are sorted for quick retrieval by process-

ig routines. The first two sections, ECL and tabular data, are placed at the

beginning of the BUCKET. General data is placed on ECS, The sorting for

all three areas is first on vehicle number, then on ESN, then module, and

finally on symbol name.

The precise format for event criteria data is shown in Table 4-2,

for tabular data in Table 4-3, and for general data in Table 4-4. All three

input areas are in module INPIM.
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Table 4-2. BUCKET: Event Criteria Section

Word No. Word Content Description

I Size (y - i) ECL data size

2 Vehicle no. Vehicle identifier (1, 2, etc.)

3 Size ( -2) Number of words for this vehicle

4 ESN Event sequence number

5 Size (a - 4) Number of words for this ESN

6 Type Event type

7 Model Name of model used to compute time to
go (tg)

8 Variable Variable (x) used to compute tg

9 Value Desired value (x0 )

Number 10 Derivative Derivative of variable (k) if computed
of words Sit Tolerance Allowable tolerance
per
event i2 Preset value hiternally preset value of variable at
criter- location event time
ion 10 13 Cross

vehicle no,
14 Auxiliary computation flags for the
15 variable, derivative, and preset value,
16 respectively

17 Next criterion for this event

a ESN Next ESN
Size Number of words for this ESN
Type Event type

a + 3 Event criteria Ten words are required for each event
data for this criterion at each event: The size indi-
ESN cates how many event criteria per event

and ordering indicates the event criter-
ion number

Vehicle no. Next vehicle
Size

y Table data
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Table 4-3. BUCKET: Table Section

Word No. Word Content Description

I Size (r - I) Table data size

2 Vehicle nc.

3 Size (r - i) Number of words for this vehicle

4 ESN Event sequence number

5 Size (6 - 3) Number of words for this ESN

6 Module name

7 Size (y - 5) Number of words for module

8 Table name location Table location in labeled common

9 Size (P - 7) Number of words for this table

10 Subtable no. Subtable no. (zero if not a subtnble, negative if T
type table)

It Seven words of
Table IDa

Argumenta Table lookup argument location (zero if a constant
value table)

Auxiliary flaga Value if constant value table

Optionab Interpolation type

Cross referenceab Cross reference location of table data

Three words of temporary storage provided for
this table to be used by GTBLU (general table
lookup subroutine)

Tabular datab Table data block

Table name location Next table
Size

y Module name Next module

6 ESN Next ESN
Size

4 Vehicle no. Next vehicle
Size

r I End table data

aFor I type tables only.

bNot used for constant value tables.
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Table 4-4. ECS: General Data Section

Word No. Word Content Description

I Size (y - t) General data size

2 Vehicle number

3 Size (6 - 1) Number of wL. -ds for this vehicle
4 ESN Event sequence number

5 Size (0 - 3) Number of words for this ESN
6 Ten words of
* event. Alphanumeric data

15 Identification

16 Module name

17 Size (a - 15) Number of words for this module
18 Symbol location There are three words for each piece of input data:
19 Data word word I contains the BASKET relative labeled com-

mon and the location of the input symbol, word 2 is a
20 Auxiliary flag data word, and word 3 is an auxiliary data flag

Module name Next moduie

a+ I Size
a + 2 Symbol location

er + 3 Input data word
a+ 4 Auxiliary flag

ESN Next ESN

+ I Size Number of words for this ESN

6 Vehicle number Next vehicle

Size Number of words for this vehicle

- I End general data
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4.2 CARD DATA INPUT

This section provides a complete description of the data input

techniques designed for the simulation. The mechanics of card input are

thoroughly discussed. In Sec. 4. 2. 1 the input card format is described and

various input options are defined. Section 4. 2. 2 deals with the preparation

of the symbolic data. Every possible type of input is described in detail, and

examples of each type of input are given.

4. 2. 1 Input Card Format

The input card is divided into four fields: a control field and

three parameter fields. The control field contains the information necessary

to assign the three parameter fields to a module, a vehicle, and an ESN (event

sequence number). It also contains a one-column code to identify the type of

data being input, r!. g., tabular data, event crit,.ria data, or general input

(Sec. 4.2. 2). Each parameter field consists of an information field code, an *

address field, nni an *.nformation field. The i-iformation field contains either

the input value or a symbol. The address fielc contains a symbol or relative

address, and the information field code classifies the information field as to

decimal, integer, octal, or symbolic data.

The standard input form (Fig. 4-1) was designed to simplify

the task of filling out input sheets. Its use will minimize input errors. The

correspondence between the input data form format and the input card format
is obvious. The four major input fields (the control field and the three

parameter fields) plus the identification field have each been placed on aI

separate line, and each major field has been divided into the proper subfields.

4.2.1. i Card Column Assignments

The card column assignments are shown in Fig. 4-2. The

control field occupies cc I through 9 and is subdivided as follows:

* The module name is assigned to cc t through 5

* The vehicle number is assigned to cc 6 (o," extended
vehicle I ESN)
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VEHICLE NUMBER
OR EXTENDED

ESN
MOULE NAME EVENTSEQUENCE NUMBER

\, CARD CODE
CONTROL FIELD I' ,,:r, I, ,

•~ . o; I 23 l :26 2

PARAMETER FIELD I L j
P A R A M E T E R F IE L D 2 2 . . . . . 8 , ,

PARAMETER FiELD3 1 3 l I I I I I i ' I I

INFORMATION CODE ADDRESS INFORMATION CARD IDENTIFICATION
FIELD FIELDS FIELDS OR SEQUENCE NUMBER

Fig. 4-2. Card Column Assignments

0 The ESN is assigned to cc 7 and 8

* The card code is assigned to cc 9

The first parameter field occupies cc 10 through 30; the second

parameter field cc 31 through 51; and the third parameter field cc 52 through

72. The three parameter fields are subdivided as follows:

0 The information codes each occupy one column and are
assigned to cc 10, 31, and 52.

0 The address fields each occupy six columns and are assigned
to cc Ii through 16, 32 through 37, and 53 through 58.

0 The information fields, which contain the input pa'ameter or
s r-nbol, each occupy 14 columns and are assigned to cc 17
through 30, 38 through 51, and 59 through 72.

Card columns 73 through 80 may be used for card identification or sequencing

or both.

4. 2. 1. 2 Modulc, Vehicle, and ESN Identification

4.2. t. 2. 1 Module Identification

All input classified as general or tabular (Secs. 4.2. 2 4 and 4.2.2.6)

is associated with a specific module. For general data, its name should be

placed in cc i through 5 of each input card (but only on the first card for
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tabular data). All modules in the system (except INPPM) may receive input

data. In every module name, the character 0 is the number zero (except for

OLSTM). All modules in the system are described in detail in Sec. 2,

Vol. II, with a list of associated inputs.

4. 2. 1. 2. 2 Vehicle Identification

All input data, except control cards (Sec. 4.2.2.7) input to

modules MPEXM or PFRPM and header cards (Sec. 4.2.2. 1), are associated

with a specific vehicle, which has a unique vehicle identification number that

must be placed in cc 6 of the input cards. Optionally, cc 6 may be used to

extend the ESN through 199 for vehicle i. Thus, vehicle i is never explicitly

indicated. Input data for as many as nine vehicles can be processed and used

in the simulation.

4.2. 1. 2. 3 ESN Identification

All input data associated with an event must have that event's ?

sequence number in cc 7 and 8 (and sometimes 6); for input not associated

with an event, these card columns are ignored. The ESNs are chosen by the

user from the set of positive integers (1, 2, ... , 199). ESNs for vehicles

2 through 9 are limited to I through 99.

4.2. t. 3 Card Codes

The card code (cc 9) assigns the card input to one of several

input classifications; it may be a blank or one of the following letters: H, E,

L, Z, I, T, C, A, or P. The format is discussed in Sec. 4.2.2.

4.2. 1.4 Information Field Codes

The infornaion field codes (cc 10, 3 , and 52) indicate the

type of conversion required for each information field (17 through 30, 38

through 51, and 59 through 72). The following symbols are permissible

codes: blank (no punch), B, D, H, P, I, S, T, M, and C, X, A.
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4. 2. t. 4. t Decimal Data (Blank)

A blank indicates that the information field contains decimal

data (Sec. 4.2. . 6).

4.2. . 4.2 Octal Data (B)

The letter B indicates that the information field (last 12 columns

only) contains octal data (Sec. 4. 2. . 6).

4.2. . 4. 3 Symbolic Data (D or H)

The letter D indicates that the corresponding information field

(first six characters) contains alphanumeric characters (Sec. 4. 2. 1. 6). These

characters must be a legal TRP name in labeled common. The letter H is the

same as the letter D without the legal name restriction, as for identifiers.

4. 2. . 4.4 Extra Precision (P)

The letter P indicates that the number has extra precision and

is located in the 21 columns of the next parameter field. The six columns

following the P designate the address, and the next fourteen columns are

ignored (Sec. 4.2. 2.4 and Fig. 4-I).

4.2. . 4.5 Replacement (S)

The letter S indicates that the information field contains the

name of a variable whose contents replaces the address field variable con-

tents at the time of event initiation.

4.2.1.4.6 Integer Data (I)

The letter I indicates that the information is for an integer

type variable. The format of the input is the same as that of decimal data,

including the decimal point, but the number is truncated and converted

internally.
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4. 2. t. 4.7 Time Conversion (T)

The letter T indicates that the information field contains two

digits each for day, hour, and minute and eight digits for seconds and frac-

tions. This code may be used instead of the decimal data form.

4. 2. 1. 4. 8 Angle Conversion (M)

The letter M indicates that the information field contains four
digits for sign and degree, two digits for minute, and eight digits for seconds

and fractions. This code maybe used instead of the decimal data form.

4.2. t. 4.9 Constant Table (C)

The letter C is used as an information field code in conjunction

with card code I to indicate a constant value table (Sec. 4. 2. 2. 5). It is used

only in cc 10.

4.2. 1. 4. 10 Deletions (X)

The special code X is used for deletion of pr:.v.ously "iput data

(Sec. 4.2.2.9).

4.2. 1. 4. 11 Table Alterations (A)

The special code A is used for either interpolation I type

(Sec. 4. 2. 2. 5) or for the special T type (Sec. 4. 2. 2. 6) table alterations.

4.2.1.5 Address Fields

The address field associates a specific input cell within the

specified module with the corresponding information field. The address field

may contain a symbolic name or a numeric character, or it may be left blank,

depending on the card code and/or the information field code.

4.2. . 5. t Symbolic Address

If any nonnt.meric character other than a blank is entered in

the address field, it is assumed that the field contains a symbolic address.

Every symbol used in an address field must be listed in the dictionary of the
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specified module. This dictionary assigns the symbol to the desired input

cell core address. The symbol may be located anywhere within the address

field.

4.2. 1. 5. Z Relative Address

cIf the address field contains all numeric characters, the

contents of the information field are assigned to a core address relative

to the core address of the previously entered symbol. The contents of the

address field are interpreted as a right-justified integer, and the core assign-

ment is equal to the address of the previously entered symbol plus this integer.

i4. 2. 1. 6 Information Fields

The information fields may contain symbolic data, decimal

data, octal data, or extra precision data. Certain special control information

can also be specified (Sec. 4.2.2.5).

4.2. 1. 6. 1 Symbolic Data

Symbolic data (field codes H, S, D) use the first six characters

in the information field and need not be left-justified; this is done internally

(Sec. 4.2.2.4).

4.2. t. 6.2 Decimal Data

Whenever the information field code is blank or I, the value in

the information field is treated as a floating point number.

A decimal number is represented by a string of decimal digits

with a decimal point and may contain an exponent representing a power of

ten. The various forms are the following:

n. n n. .n n. nE±S n. E*S .nE±S

where n is the base and S is the exponent to the base 10. The plus sign may

be omitted for positive S, and the maximum S is 308. The iumber may be

placed anywhere within the information field as long as the blank columns

(treated as zeros) do not affect the magnitude. If the form E+S is used, it

must be right-justified.

4-15



I

4. 2. t. 6. 3 Octal Data

When octal data have been specified (by placing the letter B

in the parameter code field) the last twelve characters in the information field

are converted to form one input word. Blanks, whether leading, trailing, or

embedded, are treated as zeros; any nonoctal character causes an error

condition.

4.2. t. 6.4 Extra Precision Data

Extra precision data are of the same form as decimal data

except that they are placed in the next parameter fieid of 21 columns instead

of the normal 14-column information field (Sec. 4.2. Z. 4.2).

4.2.2 Preparing the Symbolic Data

The task of preparing the symbolic data consists of trans-

cribing to input forms the data that describe a vehicle (or vehicles) and a

mission profile. The resulting symbolic deck of input cards is called a

symbolic milestone deck.

It is suggested that the following order be used when preparing

a symbolic milestone:

0 Identify the milestone with headei cards.

9 Assign an ESN to each event in the mission profile, and
prepare event identification cards for each one.

• Prepare the event criteria input data.

0 Select the models to be used in each module for each vehicle
and each phase of the mission profile, and then prepare all
general input data.

* Prepare all tabular data.

" Select the control cards.

4.2.2. 1 Header Card (H or P)

The card code H or P indicates that the card contains header

information for a run. The contents of cc ii through 70 is printed at the top

of the run output. A maximum of 50 header cards may be used, but none are
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actually required. The module name, vehicle number, and ESN are not

germane to this input; cc i through 8 are ignored.

The contents of these cards is not saved in core and cannot be

made part of a binary milestone.

The H header card is also used for user comments to be in-

cluded on the 9300 output tape. This usage requires that special characters

(MS) be put in cc iI and 12 (Sec. 4.5)

A header card that might be used to describe a symbolic mile-

stone is shown in Fig. 4-3.

T I I I I I -I 2

gDIEIL i I LN , UIMIBIEIRI it,
.~~5 53 ", $

" I I I I I '., I I I I ±I_ I 1
,[ IARD,

Fig. 4-3. Sample Header Card

4.2.2.2 Event Identification Card (E)

The card code E indicates that the card contains event identifi-

cation information. The sixty BCD characters in cc 10 through 69 are printed

with the normal output print at the event identified in cc 7/8 for the specified

vehicle (cc 6). The module name is not germane to this input; cc I through 5

are not processed. Only the last event identification card input is used for a

given vehicle and ESN combination. When no E card is specified for an event,

storage is still allocated for event identification, but it is set with blanks.

The examples that follow (Fig. 4-4) illustrate event identifica-

tion cards for ESNs 10 and 11Z. The vehicle number in both cases is 1.
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IF, T, - O F IEI'f IIAL"

502 111 so1
73

0,S IT AIRIT, PP, R,G, R.AMED ,I LT
31 2

II | I I I
$2 3so

717_ _________I__I I i I

Fig. 4-4. Sample Event Identification Cards

4.2.2.3 Event Criteria Data (L)

The card code L indicates the start of event criteria data, the
set of inputs that determines the occurrence of events. Data for each event

always include a number that represents the event type, the name of the

criterion option, the variable name, and a value for the variable used in the

criterion option. Depending on the number and type of event criteria options

specified, this set may also include the criterion number, the derivative name,

a cross vehicle reference, the tolerance, and the name of an internally com-

puted value.

4. 2. 2. 3. 1 Address and Information Fields

The address field must always contain the relative address

(right-justified) code of the input in the information field. The relative

addresses for the nine possible inputs are listed below. The order need not

be as indicated, and inputs marked with an asterisk need not be entered if

inapplicable.
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Relative Address Codes Input

0 Event type, preset primary type i

i Criterion number, preset i

2 Criterion option (alphanumeric), preset GI

3 Variable name (alphanumeric)

4 Variable value to be satisfied or increment

5 Derivative name (alphanumeric)-

6 Tolerance*

7 Name of internally computed value
(alphanumeric)*

8 Cross vehicle number

Allowable quantities for alphanumeric inputs, except for criterion options, are

variableE located in the I/V section of any module (input or variable output). For

any one set of inputs, the control field on all but the first card must be left blank.

4.2.2.3.2 Event List Format

4.2.2.3.2.1 Event Type (0)

Event types are defined and the philosophy of event classifica-

tion is discussed in Sec. t. 3. The number, with decimal point, that repre-

* sents the event type must be entered in the information field opposite relative

address zero. The fcllowing values represent the types available:

0. = primary type one (preset)

i. = secondary type one

2. =primary type two

3. = secondary type two

4. = primary type three

If the type is not specified, a zero (primary type one) results.

4.2.2.3.2.2 Criterion Number (i)

If only one criterion is entered per event, this entry may be

omitted. If there are multiple criteria, a number must be assigned to each
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criterion, and the criterion number must be entered in the information field

opposite relative address one. The maximum number of criteria that may

be specified between two primary type one events is currently set at eight.

4.2.2.3.2.3 Criterion Option (2)

The name of the criterion option is the input that determines

the method or equation to be used in computing time remaining to an event.

The desired name is entered alphanumerically in the information field opposite

relative address two. If the option is not entered, a G1 option results. The

call words for the permissible event criterion options are defined in Table 4-5.

4.2.2.3.2.4 Variable Name(3)

In all criterion options, the name oi the variable to be used in

the computation of time remaining (X) must be specified. The selected name

is entered as an alphanumeric input (D code) in the information field opposite
relative address 3.

4.2.2.3.2.5 Variable Value (4)

A numeric value for the variable used in the criterion opticn

is always required. The specific use of this value is a function of the cri-

terion option selected. The required value, if known, is entered as a decimal

number opposite relative address 4. If the required value is unknown except

as a function of an internal computation within the program, it can be speci-

fied as described by relative number 7. In this case, the value specified is

considered an increment (X).

4.2.2.3.2.6 Derivative Name (5)

If the derivative X is a program variable, the name of this

derivative should be entered as an alphanumeric input (D code) in the inforn-ia-

tion field opposite relative address 5. If the derivative name is not available

or not specified, the derivative is computed by TRP . When X and X are

in units of time, an alphanumeric derivative of FPI (floating point I. 0) must

be specified.
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Table 4-5. Event Criterion Option Call Words

Criterion Option
Call Word Description

GI Time remaining until the event (tg) is computed by the
equation

tg=

whe re

X 0 = value entered in relative address 4 or value of
the variable whose name is entered in relative
address 7

X = value of the variable whose name is entered in
relative address 3

X = value entered in relative address 4 if relative
address 7 has an entry (otherwise zero)

S= value of the variable whose name is entered in
relative address 5 or (if relative address 5 has
no entry)

(X i - Xi)
(t. - t. I

i-i

where i denotes the present computation cycle.

GZ Same as GI except that the time remaining until the next
event is set to the absolute value of the computed value
in Gi.

G5 If the numerator of the tg equation is zero, tg is set to
zero; if not, tg is set to o. The derivative is never
used.

G6 The derivative X must be positive, otherwise tg is set
to 00.

G7 The derivative k must be negative, otherwise tg is set
to no.

G8 If the numerator of the tg equation is less than or equal
to zero, tg is set to zero; if not, tg is set to o. The
derivative is not used.

G9 Same as G8 except that tht numerat,:r is greater than or
equal to zero.
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4. 2. 2. 3. 2.7 Tolerance (6)

A cutoff tolerance may be specified (in units of the variable)

opposite relative address 6. If the numerator computed by the equation for

tg is less than or equal to this value, it is considered zero. If a tolerance

is not specified, a time parameter computed in CYCXM called n (ENOIS) is

used as the tolerance in seconds for the computed tg.

4.2.2.3.2.8 Name of Internally Computed Value (7)

If the required value of the variable (normally entered in rela-

tive location 4) is a function of an internal computation (and hence, unknown

at input time), the symbolic name of the computed value may be input as an

alphanumeric (D code) in the information field opposite relative location 7.

When this parameter is used, the value in relative address 4 is considered

an increment in the same units as the variable.

4.2.2.3.2.9 Cross Vehicle Reference (8)

This entry is a VESN (ESN from another vehicle) that furnishes

a time value for the current vehicle to match. This entry is an alternate to

entries 3, 5, and 7. Event initiation is made on whichever occurs first.

4.2.2.3.2.10 Examples

The input required to execute a primary type one event, identi-

fied by ESN 12, when the simulation time equals 20 sec, is shown in Fig. 4-5.

The input required to execute a type one secondary event

(ESN 115) when the weight of propellant W = t0O lb i shown .n Fig. 4-6.p rp

The derivative in this case is known ( prp).

The input required to set up a second criterion for the determi-

nation of an event (ESN 115) is shown in Fig. 4-7. The crit:rion shown causes

the event to be 110 sec after the occurrence of the previous type one primary

event. If the condition established in Fig. 4-6 for this event is met first,

the second criterion is ignored.
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1 1  I I I I

I i I7 I l-723I I I I i 8

__ I___ _ __4 II_ _ I
0  SO I I I I I I

1 15 1 F ,P , I , , , I I

I I I I 
i I I I I I I I ]I

Figure 4-5. Sample Primary Type t Input

ri, 1 I'
'115 1 1 23 :26 '28

1Z , G,1,'

' i I 
0  

I' I I I l I I I I i I

S2 53 Soe
D 3 W,P, R, P,

123 26 28

1 I I I I I I

XM5,,. ,RP,2
52 53 59 w tZ h j

Fig. 4-6. Sample Secondary Type i Input
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1,7

10111 ;23 126 12

31 32 3

fI , i ,. i i , , I I I I !

1'2,X,AMP, 3

7 i 26 S S2n

4.2.% 32 4 'eea1D t

II? 1 1- 1ri .p 1 2 1 1
2 3i

I ,P IU .1 L I I I 

The card code "blank" indicates that the card contains general

input data. The information in each of the three 1parameter fields of the card|

is assigned to the input section of the specified module for the specified

vehicle and ESN. During program execution (at the execution of the specified

event for the specified vehicle), the data in the information fields are physi-

cally placed in the module input cells designated by the respective address

fields. Input data are inserted in the module input secti;ons only at event 1

times. The inserted data remain in the module input section until they are

replaced by subsequent input.

4.2.Z.4. 1 Address and Information Field J
The information field may contain an alphanumeric symbol, a

decimal number, an extra precision number, or an octal number, depending
on the information field code. The address field always contains the symbol

or the relative address for the input parameter of the specified module. Rela-

tive addresses are right-justified in the address field and are always relative

to the last symbol encountered there.
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4.2.2.4.2 Examples

Specification of computational models for the Environmental

module (vehicle i and ESN 10) is shown in Fig. 4-8. The initialization model

to be used is model B, the high frequency computational model is the do-

nothing U model, and the low frequency computational model is model i.

Note that a deci-nal point cannot be used for a model specification.

'FNV.RM 1,0'7
17 123 1 26 128D t N  , B , , , , , ,

I I I I I I I

Fig. 4-8. General Input Data: Example I

Specification of computational models for module DPGXM

(vehicle i and ESN 10) is shown in Fig. 4-9. Both the initialization model

and the computational model are to be model 1.

,1 Ii I I

5 II I I _

i ,XAGX.,jg

53 59

I I 0 1 1 1 I I

IMXAMP I

Fig. 4-9. General Input Data: Example 2

DSee Sec. 2.20, Vol. II.
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Input to the module CYCXM for ESN 10, vehicle i is shown in

Fig. 4-10. The first information field assigns a 2. to the input parameter

FRQF, the second information field assigns a 1. 0 to the input parameter

LFDTI, and the third information field assigns a 0. 1 to the input parameter

HFDT i

' 2t26 ' 28

52 ~F
LIXAMIP I131

Fig. 4-10. General Input Data: Example 3

input to the module TRAKM for ESN 10, vehicle I is shown in

Fig. 4-11. The first and second parameter fields assign an extra precision

number to the input variable LATR. The third parameter field assigns octal

word 000000000003 to the input variable RGRN.

TRAIKIMI ,0,

P L ,A ,T ,R , _ I I I I I
3 ' , 4 3, , 6, , 2 7, 4 7,

,. *I14, 6, 591..1 16 6 4 1 173.
t F1 RGRN, 0 0100 0 0 0 0 0003

Fig. 4-1. General Input Data: Example 4
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4.2.2. 5 Interpolation Table Data (I)

The card code I indicates the start of tabular data for use by

the general table lookup routine. Tabular information is made available to

the specified vehicle at the execution of the specified event and remains so

for use by the module until it is re.naced by subsequent input.

The control field of the first card is completed in the normal

way by specifying the module in which the table is to be used, the vehicle and

ESN to which the table applies, and the card code (in this case I). The con-

trol and address fields on all remaining cards for the table must be left blank.

4.2.2.5. 1 Parameter Fields

The first card must contain information that defines the table.

The tabular entries begin with the second card and continue to the end of the

data.

4.2.2.5.2 Table Name

The table name should be entered in the first address field,

cc i i through 16.

4.2.2.5.3 Table Argument

The symbolic name for the variable that is to be the argument

of the table must be entered in the first six columns of the first information

field (cc 17 through 22).

4.2.2.5.4 Interpolation Type Code

A numeric code is used to specify the type of interpolation to

be applied to the table, the type of tabular entries supplied (either paired

values or equally spaced entries), and whether or not the table is a master

table. This must be entered as a rignt-justified number in cc 23 through 25.

The definitions for each available code are shown in Table 4-6. A negative

interpolation type forces integration to each time point in the table. When

this option is used, the table argument must be a time variable.
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Table 4-6. Interpolation Code Numbers

Interpolation
Code No. Definition

0 Constant value

i Step function, equally spaced points

2 Linear interpolation, equally spaced points

3 Inverse linear interpolation, equally spaced points

4 Quadratic interpolation, equally spaced points

5 Step function, stored argument

6 Linear interpolation, stored argume;nt
7 Inverse linear interpolation, stored argument
8 Quadratic interpolation, stored argunent

9 Master step function interpolation, equally spaced points

1o Master linear interpolation, equally spaced points

1i-12 Master quadratic interpolation, equally spaced points

13 Master step function, stored argument

14 Master linear interpolation, stored argument

15-t6 Master quadratic interpolation, stored argument

17 Exponential function, equally spaced points

18 Exponential function, stored argument
a

19 Aesthetic function, equally spaced points

20 a  Aesthetic function, stored argument
a

21 NDTLU subroutine, one argument set
22 a  NDTLU subroutine, two argument sets

a
23 NDTLU subroutine, three argument sets
24 a  NDTLU subroutine, five argument sets

25 a  NDTLU subroutine, five argument sets

aTemporarily deleted due to storage constraint for reduced TRP only.
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4.2.2. 5. 5 Subtable Number

When bivariate table input is being used, each subtable is

assigned a number, which should be entered as a right-justified integer in

cc 26 and 27 of the first card. If it is not a subtable, cc 26 and 27 must be

left blank.

4. 2. 2. 5. 6 Table Cross Referencing

Within any given module, for a given vehicle and ESN, it is

possible to reference an interpolation i) table or subtable from the same

module or from another module, vehicle, or ESN. This is accomplished by

entering the vehicle number and ESN (or the extended ESN for vehicle 1) of

the table to which reference is being made in cc 28, 29, arid 30. The refer-

enced table then becomes available to the specified mo6ule at the event iden-

tified with the ESN entered in cc 7 and 8 for the vehicle whose number was

entered in cc 6. The name of the table to which refIrence is made should be

entered in cc 32 through 37. Note that only the data portion of the table is

being referenced, not the argument and interpolation type. If both table

names are the same, it need not be rewritten in cc 3Z through 37.

4.2. 2. 5.7 Table Identification

The remaining columns of the first card ?normally cc 32

through 72) may be used for alphanumeric table identific:ation. This infor-

mation is printed as the table identification on the listing of tabular data.

For cross referencing only cc 38 through 72 may be used for identification.

4.2.2.5.8 Tabular Entries

The tabular entries begin with the second card and are entered

in the information fields.

If the interpolation code number selected requires a stored

argument, the first information field must contain the value of the minimu.r

argument; the value of the function for the minimum argument f(X1 ) is entered

in the second information field, and the tabular entries are continued in this
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manner (argument, function, next argument, next function, etc.) for

increasing argument values. The last pair of entries should always be the

Imaximum argument XN and the value of the function for the maximum argu-

ment f(XN).

If the interpolation code is for equally spaced points, the first

information field must contain the minimum argument value; the second infor-

mation field must contain the argument increment AX used to compute the

equally spaced values of the argument. The value of the function f(Xi) for the

minimum argument is entered in the third information field, and the function

values + AX), f(X + ZAX), f(X 1 + 3AX), ... , f(X ) are entered in the

successive information fields.

All three information fields need not be filled on each card,

even in the body of a table. There is no limit to the number of entries for a

given table. If it is to be a constant value table (interpolation type 0), the

constant should be entered in the first information field of the second card.

No further entries are necessary. When information field code C is used,

the constant is entered in the first information field c, the first (and only)

card. If during program execution an attempt is made to extract data from

or minimum allowable argument, the function value associated with the maxi-

mum or minimum argument is used.

4.2. 2. 5.9 Bivariate Table Input

It is possible to input an interpolation table in which the func-

tion value is defined as a function of two arguments (bivariate). This is

accomplished by using a master table along with subtables.

The master table is input according to the normal requirements

stated above. An interpolation type number will be selected (9 through 16)

that gives the appropriate interpolation for the master table. The tabular

entries are made by stating the argument values in the normal manner; how-

ever, the function ntries must be subtable identification numbers, with

decimal point. A ;ubtable must be entered for each subtable number referred
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to in the master table. Subtables are entered in the usual way, except that A

the subtable number is entered in cc Z6 and Z7. (Master interpolation type

numbers should never be used for subtables. )

For a bivariate table input there is always one (and only one)

master table, and there must be at least two subtables. One of the two argu-

ments is the argument of the master table; the other argument is for each of
the subtables. For an ordinary family of curves (or set of data), the argu-
ment for the master, table defines the separate curves in the family. The

master table must have a tabular entry stating the argument value for each

curve, followed by the subtable number for that curve. The subtables use

the abscissa variable as their argument and the corresponding ordinate as

the function value. There is one subtable for each hypothetical curve.

Bivariate table lookup can be visualized if the data are viewed

as a set of curves (Fig. 4-12). Table lookup then reduces to selecting two

consecutive curves corresponding to entries in the master table (subtable

numbers), followed by the location of a particular interpolated ,urve AZ. from

which the function F(A., A2 .) is obtained. The poin, '(A 1 i . A2 .) is obtained
by using the master table argument to locate Azi and the subtable argument to,

locate Ai.

(A2 = C4)
l (Ap C-4)

F(A , ,A2 )  (A2 =C 2 )
(A2  cl)

F(A1 #A~i

A 1i i  "--I

Ai

Fig. 4-12. Bivariate Table Data Curves
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4. 2. Z. 5. 10 Special Information Field Codes

4,. 2. 5. !0. 1 Constant Value Tables (C)

A special information field code is used in conjunction with
interpolation table data. Whenever a constant value table is to be specified
(under the I table card code), it is possible to reduce the required input to
only one card. This is accomplished with the special information field code C
entered in the first information field code (cc 10). The control field of the
card is filled out as usual; the table name is entered in the first address field.
The table value is entered in the first information field, and the remainder
of the card may be used for alphanumeric identification of the table. This
option may not be used to enter a constant value subtable; to do this, one must

specify interpolation type 0 and the constant entered in the first information
field of the second card.

4. 2. 2. 5. 10. 2 Table Alterations (A), I Tables

It is possible to alter a previously input interpolation table

without reinptting the entire table. This option is especially useful when a
binary milestone is being employed. To use this option, it is necessary to
have a milestone data print generated by a previous computer run. Altera-
tions may then be made to the table as follows: cc i through 16 of the first
card are filled out as defined previously for interpolation tables (cc 10 should
contain the letter A). Columns 17 through 72 of the first card are filled in
only if existing information is to be altered; otherwise, these columns are
left blank. There is one exception to this: the interpolation type must always
be entered in cc 23 through 25. To delete a block of tabular entries, one
enters the DSN (data sequence number), which is taken from the previously
generated milestone print, of the beginning of the block of entries to be deleted
in the first information field of the second card. The DSN of the end of the
block of data to be deleted is entered in the second information field. The3e
two DSNs may, of course, be equal. If a new data block is to be inserted I
--,here the data were deleted, the new data block should be input starting with
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the third information field of the second card (the inserted data block need not

be the same size as the deleted data block). To insert a block of tabular

entries without a deletion, the second information field of the second card

should be left blank. The inserted data must then be specified beginning in

the third information field of the second card. If for any one table more than

one block of data is to be deleted and for inserted, the operation involving the

highest DSN should be fisted fi. st; the opt. ation involving the next highest

DSN should follow in the first blank information field, etc.

4. 2. 2. 5. 10. 3 Table Multiplier

For any interpolation type table, it is possible to scale the

function valu# F(X) such that the function value returned for the argument X

is F' (X) = M. F(X). This is accomplished simply by inputting a value for the

table multiplier using general input at the desired event. A table multiplier

is available for each table and remains, once input, until replaced.

4. Z. 2.5. 10.4 Examples

The input for thrust table 3 is shown in Fig. 4-13. The argu-

ment of the table is atmospheric pressure, which has the symbolic name

PRES. The table is to be used in the module PROPM, beginning at event 10.

The interpolation type is linear, stol ed argument.

The input for constant value flow rate table 3 is shown in

Fig. 4-14. The table name is DW3T, and the constant value is 1205. 56. The

table is to be used in the module PROPM beginning at event 10.

The input for a bivariate aerodynamic lift coefficient function

is shown in Fig. 4-15. The function is to be used in the module AERMM

beginning with event 20. The interpolation type for the master table is

linear (14). The argument for the master table is the total angle of attack,

which has the symbolic name ALFT, and the table name is CNST. The master

table refers to three subtables, each of which is also shown. The argument

for each subtable is Mach number.
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Table cross referencing is shown in Fig. 4-16. If subtable 3

for atmospheric density as a function of altitude has been entered in the

module ENVRM for vehicle 1, ESN 10, it is also made available to vehicle 2

at the event whose sequence number is 20 by the input card shown in this

figure.

1ENIvIRIMI2,2 0,
o, E,NST "Hi 13 , 4 12, 3 28, 1,0

" i -- -i- , I3' I IS I I - , ,

52 53 59

Fig. 4-16. Table Cross Referencing

Table alteration is demonstrated in Fig. 4-17. In this case

three entries are being deleted from table CGXT, which was input to the

module STRTM at event 15. These three entries have data sequence num-

bers 3, 4, and 5 and were replaced by a single entry using the T code: 0 days,

II hours, 32 minutes, f0.3i seconds.

17 2,3T '26 12

'AI C,G,X,T, I . j , ,6:
131132 1 1 1 1 1 38

I I I I II I I i I I I I i I I5 2 5 j ___1__1__1_____9
73

',0 _1, ____[T3 :26 128

31 I 3___.._I__I _I _________
______I__ I______ I, I I I I II I I I I i

52 3 . 59

T1 ,1,21 11131 _ _ ___1 731 I

Fig. 4-17. Table Alteration
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The use of a table multiplier (general) input that multiplies all

function values retrieved from table FT3T is shown in Fig. 4-18.

PR 3P,PM , 1,0II ,FT,3,TIi? ,i, , , , , I I ,, ,
IFT3T 1 0 12, 51

II I I I I I I I I

73

Fig. 4-18. Table Multiplier

4.2.2.6 Tabular Block Data (T)

The card code T indicates the start of special block data. At

the execution of the specified event, the input data block is made available to

the specified module for the specified vehicle. It remains available until it

is replaced by subsequent input.

Tabular block data consists of data blocks of variable size,

stored in consecutive order, which are to be made available at a specified

event. The first control field on the first card is filled in the normal manner;

the card code is T. The first address field on the first card must contain the

table name; all remaining control and address fields on subsequent cards of

the table must be left blank. Information field codes are frequently required

for many tables.

4. 2. 2. 6. 1 Comparison with Interpolation Table Data (I)

Tabular block data are not intended for use by the general table

lookup routine, although tabular block data and interpolation table data are

similar. The tabular entries reside in the table section of BUCKET and are

never moved to the module input section unless special provision is made for

doing s:; hence, both may be of variable size. At the initiation of the event
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at which the table is entered, the bucket core address of the table (for both

T and I types) will be stored in the modrle input section in the cell whose

symbolic address was in the first address field of the first card, i.e., the

table name.

4.2.2.6. 2 Table Alterations (T Tables)

The table alteration format for T tables is very similar to that

for interpolation tables. The only difference is that the DSNs and insertion

data begin in the first information field of the first card.

4. z. z. 6. 3 Example

The input for a block of six data words to be assigned to a
tabular block table whose symbolic name is GHII[' (a fictitious name) is shown
in Fig. 4-9. This input would be assigned to the module SENSM at event 10.

IS ,E SM 9

tII 17 0 T 3 26 a2

_ I _ T . 1 1 1 I a I I I I I I I I I I I

31 32 3 3 , , 
23

- I I III I I I I I

I l I_ __ _ ; l i, 7 , i i I I , 2- l

t I 0

32Im ! ;* I I I I I I I __E , I

Fig. 4-19. Sample T Type Table Input
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4.2.2.7 Control Cards (C)

The card code C indicates input control information. The

module name, vehicle number, and ESNs %re not germane to this input; only

the first information field of the card is processed. The number supplied in

cc 17 through 30 signals the execution of a control function (e.g., end of case

input - execute program, end of run, punch binary milestone deck from the

preceding input).

The se .ected function applies to all d:.ita cards processed before

the control card. Negative numbers suppress subsequent card image printing

until a positive control card is read (which restores image printing).

4.2.2.7. t End of Case (0. nn)

When .le first information field of a control card contains a

zero, the end of case function is initiated. If an image of the BUCKET has

not previously been formed, it is images. Program control is then returned

to the Master Program Executive module, indicating that the simulation

should proceed using the data already processed. When the simulation is

complete, control is returned to the Input Processor. The data image is

read back into the BUCKET, and the processing of additional input continues.

NN sets the case number if it is nonzero.

4.2.2.7.2 End of Run (i.)

When the first information field of the control card contains a

one, end of run functions are initiated. Control is transferred immediately

to the Master Program Executive module, indicating that the run is to be

terminated.

4.2.2.7.3 Punch Binary Milestone (2.)

When the first information field of a control card contains a

two, a binary milestone of all preceding data is formed. The data in the

BUCKET are punched out on binary cards. Program control is retained by
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the Input Processor for processing additional data oi ccntTol cards. Normally,

two copies of the print are output but if the input was -2, only one copy is

printed.

Each computer word in the processed BUCKET is punched onto

the binary milestone cards. Subsequent runs can the - be made using the

binary milestone -ard deck. The advantages of using a binary milestone in-

stead of a symbolic milestone are the following: The binary milestone is

smaller, easier to handle, and requires less card read time; and the data in

the binary milestone are already processed, reducing computer run time.

Data within a binary milestone may be altered or supplemented

by placing symbolic input cards on the back of the binary milestone. The

appropriate control cards must also be added to the jack of the deck. Sym-

bolic card input always follows binary input.

In order that symbolic changes to a binary milestone may be

noted, the Input Processor causes the image of all symbolic cards to be

printed. All symbolic changes made to subsequent cases are also printed in

a multile case run. This is done without regard to the type of input (binary

or symbosic) for the first case.

4.2.2.7.4 Write BUCKET Image (3.)

When the first information field of a control card contains a

three, an image of the processed input is written, and program control is

retained by the Input Processor to process additional data or control cards.

An end of case card (0.) causes an image to be written autoanatically if no

write image card has yet been encountered.

4.2.2.7.5 Read BUCKET Image (4.)

When the first information field of a control card contains a

four, the previously written image is read back into core storage reserved

for the BUCKET, and control is retained by the Input Processor to process

additional data or control cards. Obviously, this control card is meaningless

unless an end of case control card or a write image control card has previously

been prccessed.
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42. 2.2,7.6 Clear BUCKET (5.)

When the first information field of a control card contains a

five, the BUCKET cells are all cleared (set to zero), and the flag, which indi-

cates that an image has been previously written, is reset to zero. Program

control is retained by the Input Processor to process additional input.

This control card makes it possible to run two or more inde-

pendent milestones consecutively. It should be placed between the last case,

which is related to the previous milestone (after the end of case card), and

the first card in the next milestone.

4.2.2.7.7 Read Binary Milestone (6.)

When the first information field of a control card contains a

six, the Input Processor, which expects a binary milestone to be on TAPE76,

reads it in and sts up the BUCKET to contain that information. Program

control is retained by the Input Processor to accept additional input (symbolic

data changes or control cards). Binary milestones cannot be merged (see

DEPUNCH(i 5. )).

4. Z. 2. 7. 8 Suppress Milestone Print (7.)

When an end of case control card is encountered, the Input

Processor normally prints the data in BUCKET and transfers control to

MPEXM to execute the case. If a control card with a seven in the first infor-

mation field is encountered becore the end of case control card (0.), the

BUCKET print is suppressed. This applies only to the first case (subsequent

cases are normally suppressed).

4.2. 2.7.9 Plot All Tables (8.)

This control card (8.) generates Cal Comp 835 film plots of all

the I type table data in the BUCKET. This option" is useful when many large

tables have been entered for the first time and a visual check of the data is

desired.

"This option is not available in the operational version of TRP.
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4.2.2.7. 10 Print Milestone (9.)

For all cases after the first, the milestone print is normally

suppressed. If the milestone print is required, enter this control card.

4.2.2.7. 11 Write Secondary BUCKET Image (10.)

This control card (10.) allows a second BUCKET image to be

created (i. e., an image in addition to the one written by control card 3).

Control card it. is used to read back this secondary image.

4.2.2.7.12 Read Secondary BUCKET Image (11.)

This control card ('2. ) is read back in the secondary BUCKET

image written in response to control card 10.

4.2. Z.7. 13 Read Cards from IFTRP File (1Z. nn)

This control card (12.) commands a change in the mode of

reading input cards. Following this control card, input data cards are read

from physical file nn of a file named IFTRP until a control card 13. is en-

countered on that file.

4. Z. .. 14 Switch Back to Normal Input Mode (13.)

This control card (13.) reactivates the normal input mode. It
is found only on file IFTRP, and it terminates the input cards on that file.

4. 2. 2. 7. 15 Print Data BUCKET (14.)

This control card specifies an input data BUCKET print of the

data processed thus far. After the print, more data cards (or another control

card) are read.

4. 2. 2.7. 16 Punch Symbolic Cards, DEPUNCH (15.)

This control card allows the data in a milestone to be punched

on X-5 format cards. The milestone may have been obtai.ied from any legal

c3mbination of binary and symbolic data at any point in the input process.
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4.2.2.7. 17 Read Ephemeris Cards (16. n)

A specially formatted table of cards called DEALS coefficients

may be input to module SENSM (Sec. 2. 25) :- using this option for vehicles

i through 4 (also see subroutine EPHTAB, Sec. 2. 2, for details).

4. Z. 2.7. 18 Resequence Vehicles and/or Event Numbers (17.)

This control card causes TRP to enter subroutine INTERX

via overlay 1, 3. Subroutine INTERX renumbers or interchanges vehicles or

ESNs and correctly arranges the BUCKET, depending on the X-5 cards that

follow control card 17.

Option t: Columns I to 3 of the X-5 card contain blanks, cc 6 to 8
contain a VESNI currently in the BUCKET, and
cc 23 to Z5 contain a VESNZ not currently in the

BUCKET (VESN2 may relate to any preexisting ve'iicle).

Result: VESNI is renumbered VESNZ, and the BUCKET is re-
arranged to maintain proper order. After this has
been achieved VESNI nco longer occurs in the BUCKET,
and another VESN may be nvmbered VESNi.

Option 2: Columns i to 3 contain XXX, cc 6 to 8 contain any
VESNi currently in the BUCKET, and cc 23 to 25 con-
tain any other VESN2 currently in the BUCKET.

Result: The event numbers VESNI and VESN2 are interchanged,
along with the corresponding data.

Option 3: Columns I to 3 contain blanks, cc 6 contains a vehicle
number VEHi currently in the BUCKET, and cc 23 con-
tains another vehicle number VEHZ not currently in
the BUCKET. Columns 7, 8, 24, and 25 are blank

Result: The vehicle numbered VEMt is renumbered VEH2, and
all data associated with VEMi is rearranged so that the
BUCKET maintains its proper order. Since VEHt is
no longer in the BUCKET, some other vehicle may now
be numbered VEMt.

See Vol. II, Parts C (Sec. 2. 25) a.nd A (Sec. 2. 2).
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Option 4: Coiumns I to 3 contain XXX, cc 6 contains a vehicle
number VEHi, and cc 23 contains a vehicle number
VEHZ, both currently in the BUCKET.

Result: Vehicles numbered VEHi and VEH2 are interchanged,
along with all related data.

Option 5: Columns I to 3 contain END.

Result: After this card is read, control is retained by the
Input Processor, and additional control cards may be
read.

In practice, vehicle numbers or individual ESNs may be re-
numbered or interchanged by using a control card 17, X-5 card using any or

all of options I through 4, and then an END card. If a mistake is made in an
intermediate X-5 card, that card (and all subsequent X-5 cards) are ignored

until an END card is read and processed.

Variables FESN and VEHXI in module TSPXM are adjusted if

necessary, and VEHP is left unchanged. The appropriate VESN in the
T tables ITVT, CVRT, and COPT are also changed, as are references in

cross referenced I tables.

After the resequencing has occurred, only vehicle i may have
ESNs greater than 99.

4.2.2.7.19 Examples

A sequence of X-5 cards that would move event 120 of vehicle I

to vehicle 2 and renumber it 90 (and then interchange all data associated with

vehicles i and 2) is shown in Fig. 4-20.

If the three cards in Fig. 4-21 were placed in the order shown

on the back of a symbolic milestone deck, the following functions would be

performed: A binary milestone would be punched from the preceding symbolic

deck, =i image of the BUCKEI would be written, and the program would be

executed with the input data. The computer run would then be terminated.
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Fig. 4-20. Resequencing Vehicles and Events
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Fig. 4-21. Three Sample Control Cards

A data deck setup consisting of two separate milestones is
shown in Fig. 4-22. If this deck setup is input, the following sequence of

operations occurs:

binary mnilestone is produced,

The BUCKET is imaged.

Additional input is added to BUCKET, and the first case is
executed.

The image is automatically read back into BUCKET (des-
troying the case I BUCKET).

The additional symbolic input for case 2 is added to BUCKET,

and case 2 is executed,
The BUCKET is cleared, and the BUCKET image flag is set
to zero. -
The second milestone (a binary milestone) is read into
BUCKET.

4-47

.__ _ .I I I



First Symbolic Milestone

Punch Binary Milestone Control Card (.)

Write Image Control Card (3.)

Additional Symbolic Input Cards
(for first case only)

End of Case Control Card (0.)

Additional Symbolic Input Cards
(for second case only)

End of Case Control Card (0.)

Clear BUCKET Control Card (5.)

Read Binary Milestone Control Card (6.)
(from TAPE76)

Additional Symbolic Input Cards

Punch Binary Milestone Control Card (2.)

End of Case Control Card (0.)

End of Run Control Card (1.)

Fig. 4-22. Sample Date Deck with Two
Separate Milestones
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The additional symbolic input, which follows the read binary
milestone card, is added to BUCKET.
From the processed BUCKET, a new binary milestone is

formed.

Case 3 is executed.

The computer run is then terminated.

4.2.2.8 Case Identification (A)

The card code A indicates input that is to be used for case

identification, which consists of 60 BCD characters and is entered in

cc it through 70. Only one case identification card is allowed per case, but

it is not required. Card columns i through 8 are not processed for this card.

Case identification information serves two purposes: The

case identification appears on the first page of the milestone print. In addi-

tion, the case identification is printed before the trajectory output.

4.2.2.9 Data Deletion

Deletion of data from the processed BUCKET may be accom- j
plished by using the special information field code X. It is punched in cc iO

and may be applied to event criteria, general, and tabular data.

This code applies only to the type of data specified by the code

in cc 9. If deletion of the general data for a given event is specified, only

the general data are affected (the event criteria and tabular data for that event

remain unchanged). To delete all types of data for an event, it is unnecessary

to prepare three different inputs (i. e., one input for each of the three classes

of data in the BUCKET). Instead, a card code Z is provided for deleion

purposes only (deletion of all types of data).

4.2.2.9.1 Deletion of E--nt Criteria Data

Deletion of event criteria data d;ffers from deletion of the other

two types of data because the single item and module do not apply to the event

criteria data. The only deletion levels pertinent to these data are the event

(e.g., 15) and the vehicle (e.g., 2). An example is shown in Fig. 4-23.
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]117 1 ,123 2 8

ig. 4-23. Evert Criteria Deletion: Example I

Deletion of all event criteria data for vehicle 2 is shown in

Fig. 4-24.

1 1 1t23 '26 I 28

31 32 3

537
I I I I

Fig. 4-24. Event Criteria Deletion: Example 2

4.2.2.9.2 Deletion of General Data

Deletion of general data may be accomplished at four levels:

the -ingle item, the module, the event, and the vehicle.

4.2. 2. 9. 2. 1 Single Item

To delete single items of data, the code X should appear in the
information code field. In addition, the control field must be completed and

the symbol associated with the item to be deleted must appear in the symbol

field.
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K The deletion of items FESN and MAXT frcm TSPXM at event 2

L_ for vehicle i is shown in Fig. 4-25. Only data for a single module at a given

ESN may be deleted with one card.

1 F, E:,S ,N, 6. 2
-__ __,Lj

:38

3 IIA,XT, I I , II
52 53

Fig. 4-Z5. General Data Deletion: Example i

4. 2. Z. 9. Z. 2 Module

To delete all general data for a particular module at a given

event and vehicle, the code X is entered in cc 10, and the control field

(cc I to 8) should be completed.

ih i Deletion of the propulsion module data for vehicle Z at event 7

4 is shown in Fig. 4-Z6.

P R I 0 P ,M l,0 7 1

Xli I I I II

Fig. 4-26. General Data Deletion: Example 2
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4.2.2.9. 2. 3 Event

To delete all general data for an event, use the code X incc 10. No module name should be entered in the control field.
The deletion of all general data for vehicle i at event 3 is

shown in Fig. 4-27.

vehile nmbe is f,,1, i tb etbak

Delti f all genera, data for vhiceI I is shw inFg428

17 ~ 23 726 i28
31 2 38

52 53 5C

Fig. 4-27. General Data Deletion: Example 3

4. 2. 2.9. 2. 4 Vehicle

To delete all general data for a vehicle, the code X is placed
in cc 10, and only the vehicle number is specified in the control field. If the
vehicle number is 1, it must be left blank.

Deletion of all general data for vehicle i is shown in Fig. 4-28.

I. ~1 '2 I I I I 13 26 2 I ,

Fig. 4-28. General Data Deletion: Example 4
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4. 2. Z. 9. 3 Deletion of Tabular Data

Deletion of tabular data differs from the deletion of general

data only in that the card code in cc 9 must specify tabular data, and the

single item refers to a table rather than to an item of data. Also, the table

name is entered in the symbol field as the item of data. More than one table

can be deleted with a single card as in Example i (Fig. 4-25).

4.2.2.9.4 Deletion of All Data Types

To delete all data types (event criteria, general, and tabular),

the rules are the same as for event criteria data only, but a Z is put in cc 9

instead of an L.

4.2.2.9.5 Inclusive Deletion

Inclusive deletion refers to deleting all data starting with the
event specified in cc 6 to 8, up to and including the right-justified event
sequence specified in cc ?0 to 22. This occurs if cc 20 to 22 are nonblank.

This option applies to all individual types of data and also to the Z option.

The deletion code X must be present in cc 10, and the appropriate code must

be in cc 9.

4. 2.2. 9. 6 Restrictions on Data Deletion

The following restrictions apply to data deletion:

0 Deletion of a master table does not result in deletion of the
subtables associated with it (subtables must be deleted
separately).

* Deletion of a single T type table requires a T in cc 9, but dele-
tion of larger blocks of tables (module, ESN, or vehicle) take
place with either an I or T.

0 If all general data for an event are deleted, the event heading
information (E card) is also deleted.
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4.3 DATA TAPE INPUT

The postflight data preparation program PDP processes and

filters large numbers of observations and outputs these observations with

associated weighting matrices onto a tape utilizing a standard format

(Table 4-7). These tapes contain a time history of up to six different vari-

ables at an arbitrary output time frequency. PFRP can accept a total of nine

of these tapes during any one run; the total number of observations is limited

by storage requirements (usually limited to 3000). PFRP integrates to the

time argument specified on the tape even if it is not a multiple of the nominal
step size.

Each tape contains a logical output file consisting of four

physical files in which many logical output files reqecting different process-

ing, different output frequencies, different data weighting, or even different

specified observation variables may be written. File i of the logical file is

an identification file, file 2 is the data file, file 3 is the weighting matrix

file, and file 4 is an end of file file. The data file is composed of an identi-

fication i ecord followed by data records (500 words maximum size). Each

time point with associated observations comprises one data frame with an

integral number of data frames per data record. As many data records are

written as are required to put all time frames on the data file. The weight-

ing matrix follows the same time sequence and observation ordering as the

data file but is written without the time argument. The first record of file 3

contains size parameters used by PFRP in determining how many observa-

tions are to be made.
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Table 4-7. PFRP Data Tape Format

File i: Tape Identification File

Record I Tape identification record

Word I Number of words (M) in record - 2 (integer)

Word 2 1 (integer)

Word 3 1 (integer)

Words 4 through M Hollerith tape identification (M - 5i)

File 2: PFRP Data Value File

Record 1 File identification record

Word I Number of words (M) in record- 2 (integer)

Word 2 2 (integer)

Word 3 Hollerith file identification

Word 4 Number of words (N) per frame

Words 5 through (4+N) Hollerith data element identifiers

Record Z through n Data value records

Word 1 Number of words (M) in record - Z (integer)

Word Z 4 (integer)

Words 3 through M Data values in frames, where a frarne is
one time point (M -< 511)

File 3: PFRP MD (Weighting Matrix)

Record 1 File identification record

Word I Number of words (M) in record -2 (integer)

Word 2 2 (integer)

W.,rd 3 Hollerith file identification

Wort 4 Number of entries per submatrix

Word 5 Number of diagonal entries per submatrix (N)

Word 6 Number of submatrices (time points) in MD
matrix
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Table 4-7. PFRP Data Tape Format (Continued)

Record 2 trough n MD value records

Word i Number of words (M) in record - 2 (integer)

Word 2 4 (integer)

Word 3 through M MD entries in frames (submatrices) where
a frame is one time point (M -< 511)

File 4: End of File File

Record i End of file record

Word i Number of words (M) in record - 2 (integer)

Word 2 5 (integer)

Word 3 1 (integer)

Word 4 Hollerith ENDOFCASE b

A sample MD matrix format is shown below (word 4 = 6, word

5 3, word 6 = 5). Each submatrix cori.esponds to one time point. Each

diagonal entry is one sigma (in accuracy) for the observation data, and each

off-diagonal entry is the correlation between observations. Submatrix entries

are ordered by rows.

XX\X

XXI
I x

= I X\X

X\

I-------X X X j
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4.4 PRINTED OUTPUT

Printed TRP output can be categorized as follows:

0 Print of the input cards (optional)

0 Print of the final/sorted data input (optional milestone print)

0 PFRP iteration output

9 Trajectory output (optional)

All of the above are shown in the sample output that follows.

The problem statement for the sample output follows: Esti-

mate the uncertainty in a vehicle state after 48 hours of range measurements

from a single ground station. This problem utilizes the error analysis capa-

bility of TRP.

Vehicle 24-hr synchronous satellite, 80-deg inclination

Epoch at ascending node, 140 deg east longitude

Assume no knowledge of vehicle state at epoch

Propagate vehicle state to 48 hr

Station Measure range to sateilite from 39 deg north,
105 deg east
Ranging accuracy 30 ft at one-rain intervals

Range bias uncertainty of 30 ft (random)

Station location uncertainty of 50 ft with the three
components independent and random

Output Covariance matrices of vehicle position at 48 hr:
Spherical error probability (SEP)

Radial, intrack, and crosstrack (RTC)
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4.5 TAPE OUTPUT

4.5. 1 9300 Tape Output

Subroutine T9300 of INPiM can generate a BCD file for

subsequent transmission over a 9300 data line. The data output is formed

after execution of a TRP end of run control card i. The data is retrieved

from the standard output file by searching for special Hollerith separator

codes that separate the desired data.

The 9300 file, which is created only if a header card (H) was

input with MS as the first two characters of the card, cor -ins data in the

following order:

MS (descriptive data found on H card)

SECTION ONE ........ INPUTS

Output of data enclosed within the two code words 9301, .4

IFTRP inputs

SECTION TWO ......... DATA '*-

Output of data enclosed within the two code words 9302,

data cards modifying the milestone

SECTION THREE ANALYTICAL AIDS

A. INITIAL WEIGHTING MATRIX FOR OBS

Output of data enclosed within the two code words 9307

SECTION THREE .***** ANALYTICAL AIDS ***

A. FINAL WEIGHTING MATRIX FOR OBS

Output of data enclosed within the two code words 9303

SECTION THREE **.**' ANALYTICAL AIDS ***

B. LASI COVARIANCE MATRICES - STD DEV + CCRREL COEFF

Output of data enclosed within the two code words 9304

SECTION THREE -.- * ANALYTICAL AIDS ...

C. FINAL SOLUTION VECTOR

Output of data enclosed within the two code words 9305
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. 1.
SECTION FOUR . RESULTS ...-.

A. ANALYTICAL SUMMARY

Output of reconstruction parameters enclosed within the two

code words 9309

ANALYSTS COMMENT

Descriptive data found on H cards beginning with 4A

B. MISSILE SUMMARY COMMENT

Descriptive data found on H cards beginning with 4B

SECTION THREE ANALYTICAL AIDS

C. RESIDUALS - PRINTER PLOTS

Output data enclosed within the two code words 9306

SECTION FOUR (CONTINUED)

B. MISSILE SUMMARY

Output of launch point, FECO, apogee, reentry, and impact

conditions enclosed within. the two code words 9300

SECTION FOUR (CONTINUED)

C. ANALYSTS FINAL COMMENTS

Descriptive data found on H cards beginning with 4C

Many of the above sections could have several versions when

the program is iterating. Only the last iteration generated is output to the

9300 file. The code characters 93XX and YYY are in print columns iZi

through 124 for 93XX and in columns 131 through 133 for YYY. YYY is the

iteration number. File no. 70 is used for the 9300 output file. Subroutine

T93HP is called to search for and output H header cards.

4.5.2 Special Print Tape Output

This output form is provided so that the user can specify the

variables and the order in which they are desired as a time history output.

The standard TRP block print is based on a fixed list of variables shown in

Table 4-8. It is possiole to select by input six variables to be included in the

standard block print, but occasionally more selectable variables are desired

(possibly at a print interval different from that of the standard block).
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Table 4-8. Print Format Key

Month Day Year Hour Min Sec Julian Day GMT

VEH/
ESN TD TGO 1 TGOG TDURP 1 TDURS DTD

PE PE2 2 PE3 PE4 2 PE5 PE6
ARG I ARG2 3 ARG3 ARG4 3 ARG5 ARG6
DER I DER2 4 DER3 DER4 4 DER5 DER6

ENVRM H RGRV 10 PRES LTCV 10 LATV LONV
DENS ATEM 11 VS GMI 11 HNMI LONVI

SUN or RXB RYB 12 RZB SXVE 12 SYVE SZVE
SHADOW SVAZ SVEL 13 DAY SXB 13 SYB SZB

GMT GME 14 GHAO SHINT 14 AVS EIA
TMPR HMET 15 ALFAS SGXI 15 SGYI SG ZI
GMGXI GMGYI 16 GMGZI -. 16

TMOTM PXIP PYIP 20 PZIP VXlP 20 VYIP VZIP
VSXI VSYI 21 VSZI AMI 21 VMI VCIRC
ASXI ASYI 22 ASZI ASMI 22 VSI GACC
VDR INGL 23 ECCEN APOG 23 PERG RANG
AZVA AZVI 24 AZRLN ELRLHi 24 GAMA GAMI
PXRL PYRL 25 PZRL VXRL 25 VYRL VZRL
PXIL PYIL 251 PZIL VXIL 251 VYIL VZIL
AXI AYI 26 A ZI 13ANKI 26 VSMI VVEN
ASXB ASYB 27 ASZB VSXI3 27 VSYB VSZB

LOSSES All VII 270 VLG VLLAM 270 VRGD RGD
IMPOT TIMP ECAIMP 28 RANGI LTCIMP 28 LATIMPLONJMP
ORBIT REV SMAX 290 MANM NODE 290 ARGP TAUPM

MMTN P 291 DMANM DNODE 291 DARGP DTA UP
ANAM ECA 292 GANG DVDR 292 PERL LONP
TAPG APGL 293 LONA HAPG 293 HPER LONPI
BRNG LPGL 294 LPLN GBAL 294 GEAL SLRM

RMOTM THI TH2 30 TH3 DTH 1 .30 DTHZ DTH3
DOMXB DOMYB 31 DOMZB OMXB 31 OMYB OMZB
IB11 IB12 32 1B 13 IB21 32 1B22 1B23
IB31 IB32 33 IB33 TH4 33 DTH4--

AERMM ALFA BETA 40 ALFT MACH 40 QALFT Q
ADH FAXBI 41 VAXI VAYI 41 VAZI VAMI
FAXB FAYB 42 FAZB MAXB 42 MAYB MAZB
Cx C Y 43 C Z CL 43 CM CN

(Replace line 43 when AERM13 used)

CD MACHO 43 CX C Y 43 C Z QS

PROPM FTXB FTYB 50 FTZB MTXB 50 MTYB MTZB
FTM WPRP 51 DWPRP NCGQ 51 CBT TMD
IFTM AVEF 52 PREFT TISP 52 ISP ISPAV
I'T DWPR 53 WPR WTI 53 EPD EYD

FT5 DW PR5 57 WPR5 Wi15 57 EPD5 EYDS5

STRTM W T M 60 PCGXQ PCGYQ 60 PCGZQ VCGXQ
PXI PYI 61 PZI VXI 61 VY.1 VZI
lxx IYY 62 IZZ IXY 62 IXZ IYZ
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Table 4-8. Print Format Key (Continued)

DPGXM COMXB COMAYB 70 COMZB GOM 1 70 COM2 COM3

CONTM. ERLLC EPCHC 80 EYAWC ERLLR 80 EPCHR EYAWR
DERLLCDEPCHC 81 DEYAWC DERLLR 81 DEPCHRDEYAWR
GPHE CTHE 82 CPSE DCPHE 82 DCTHE DCPSE

CYCXM LFTI LFT2 90 LFT3 HFT1 90 HFT2 HFT3
DTlL DTZL, 91 DT3L, DT1H 91 DTZH DT3H-
TCl TCZ 9Z TC3 TC4 92 TC5 TC6

(Output only when Model JUNK3 is selected)
JUNK3 RELR RELV 106 DRELR RELPXI 106 RELPYI RELPZI

RELPXBRELPYBI07 RELPZB RELVXB 107 RELVYBRELVZB
PROXT PROXR 108 -- RELVXI 108 RELVYIRELVZI
LAMT LAMP 109 LAMY DLAMT 109 DLAMP DLAMAY

TRAKI RGR AZR 110 ELR DRGR 110 DAZR DELR
LAI LA2 III LAP LAY III PR OR
PUR PVR 112 PWR VUR 112 VVR VWR
DR PR 113 OR DPR 113 DOR DDRGRI
TN TNP 114 PULSE -- 114--

TRAKI RGR4 AZR4 140 ELR4 DRGR4 140 DAZR4 DELR4
LA14 LA24 141 LAP4 LAY4 141 PR4 QR4
PUR4 PVR4 142 PWR4 VUR4 142 VVR4 VWR4
DR4 PR4 143 QR4 DPR4 143 DOR4 DDRGR4
TN4 TNP4 144 PULSE4 - -- 144 - -- -- -

(TRAKM Model 3 pri nt)
TRAK3 RGR5 AZR5 5 ELR5 DRGR5 5 DAZR5 DELR5

TRAK3 RGR9 AZR9 9 ELR9 DRGR9 9 DAZR9 DELR9

(SENSM Model 3 print)

SENS3 V1HT RLOSL 141 VlHA PSITI1 141 ALFV1 DELVI
SATI VILT V1LN 142 RIVLI RIAV 1 142 RIOV I TAUl

TAAI HKM 143 PCTJ1 TJ1 143 ARIVI URIV I
RAA1 AAAI 144 VILA AZV1 144 ELV1 AKI

SENS3 V4HT RLOS4 141 V4HA PSIT4 141 ALFV4 DELV4
SAT4 V4LT V4LN 142 RIV4 RIAV4 142 RIOV4 TAU4

TAA4 HKM 143 PGTJ4 TJ4 143 ARIV4 URIV4
RAA4 AAA4 144 V4LA AZV4 144 ELV4 AK4

(SENSM Model 5 Print)
SENS5 TIMU IMUM 110 VSXA ASAU 110 ASAV ASAW

NAL NBE Ill NGA NU Ill NV NW
PHIAL PHIBE 112 PHIGA VMAU 112 VMAV VMAW

TASIU TASIV 113 TASIW VSAU 113 VSAV VSAW
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This capability is selectable by the input of one T type table

TPRVT and one interpolation type table TPRIT. Table TPRVT is used to

specify the variable names and the order desired. Table TPRIT is used to

specify the interval at which this output is desired. These inputs are de-

scribed in Sec. 2.9, Vol. II (INFXM module).

The data is written on file ITFRNT in BCD line image form.

ITPRNT is in the input labeled common block of the service module (SERVM)

and is preset to be TAPE74. After TRP is executed, this file is normally

rewound and copied to OUTPUT to be printed. It is possible to put this infor-

mation on a tape to be saved, of course, by requesting a tape for file TAPE74.

4.5.3 Data Tape Output

This output option produces binary, floating point time history

tapes of certain variables. It is specified by the input of a T type table

PLOTT to identify the variables and their order. Interpolation type table

PLINCT is input to specify the output frequency. The information is written

on file ITDATA, which is in the Service module labeled common inputs and

is preset to be TAPE99.

The tape format is binary, up to 500 words per record with

floating point values. Each case generates one file or tape with multiple

files possible.

There is a second data tape capability, which is completely

independent of the first. The T type table is PLOTZT, the interpolation type

able is PLINZT, and the output file variable is ITDATB, preset to be

TAPE75.

All of these input tables are described in Sec. Z. 9, Vol. II

(INFXM module).

4.6 CONTROL INTERFACES

TRP is designed to operate as a stand-alone analytical pro-

gram under the operating system; interfacing with other data processing

software is minimal. The one mode of interfacing is through the PFS
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(permanent file system) file IFTRP, which is created by other modules for

use by TRP as an input file for observational data. PFS is designed so that

IFTRP cannot be retained as a PFS file more than 48 hours after it is cre-

ated. TRP must therefore be run within that period to avoid losing the data.

When TRP is executed in this mode, it punches cards that replace the IFTRP

file as input for future runs.

4.7 OPERATING SYSTEM INTERFACES

The following major operating system programs are required

for use with TRP:

UPDATE Maintains the TRP source file

FTN FORTRAN extended compiler

LOAD/NOGO Loader

The next set of required operating system functions are minor and callable

by control cards:

REQUEST Tape assignment control card

REWIND Rewinds a file

COPYBF Copies a binary file

RFL Requests field length

ACCESS PFS access card

DEFINE PFS definition card

EXIT Error processing control card pointer

COPYCF Copies a coded file

COPYBR Copies a binary record

COPYSBF Copy-shifts a binary file

The following list shows all system subroutines called by

TRP that must be available on the FTN system library:

LOCF Location function: gets absolute address

DUMP FORTRAN core dump routine

DECODE Decodes a card image
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READEC Reads ECS

WRITEC Writes ECS

EXIT Job termination call

ASIN Arc sine function

ACOS Arc cosine function

ATAN Arc tangent function

ATANZ Arc tangent function (two parameters)

ALOG Natural log

ALOGIO Log to the base 10

TAN Tangent function

LENGTH Length of record function

SIN Sine function

Cos Cosine function I
BUFFER IN Buffer read

BUFFER OUT Buffer write

ABS/IABS Absolute value function

SYSTEMP Error traceback call

PDUMP FORTRAN core dump and proceed

4.8 STORAGE AND TIMING REQUIREMENTS

4.8.1 Storage

Storage requirements for TRP vary in two ways. First, the

TRP storage configuration varies as a function of the models necessary for

the simulation. Using YEOMAN, different program configurations can be

generated. Second, the storage used for data input and PFRP working storage

obviously varies according to the amount of input data and tne number of obser-

vations, parameters, etc.

The operational version (basic models) of TRP is used to sho\

program storage allocations (Fig. 4-29). An algorithm is given as a function

of several variables to Indicate the data storage requirements

Data storage 15m + 99 4 15.4 NAI 17 N I ;I 1000
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where

m- number of P parameters

n - number of observations

N number of fixed dependent variables

q number of Q parameters

NVAR = number of observations per time point per satellite

V number of satellites

Note that a constant value of 1000 is a probable tipper limit for table data plus

ECL data plus integration storage.

A typical set of numbers might be:

n -10501

m 40

q 0

N =16

NVAR 3

V --

The data storage required for this set is 736110 or 16301 and when it is

added to the program length of 12800 )r 310008, the total required storage

is 2016110 or 473018.

4.8.2 Timing

Timing varies according to the kind of simulation being run and

its relative complexity. Computer time for TRP is best expressed as centril

processor (CP) or peripheral processor (PP) time. These can generally be

added to determine total computer time. The CP and PP time requirements

for postflight reconstruction can be expressed as a function of two variables:

m number of P + Q parameters, nonbias type
(two-way partials count as two)
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TI - time interval of the observed data, rin

CP kmin) C0 + C TI(m + 7)

PP (min) - P 0 + P TI(m + 7)

where (for a CDC 6600 computer)

C 0-1t

C -1/30

Po 6. 5

P 1 1/15

These figures are based on the assumption that one major loop,

five minor loops, and a final converged trajectory will be run.

When this algorithm is used for maximum time estimates, 20%

should be added to include uncertainties.
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SECTION 5

TRP CHARACTERISTIC 3 AND CONVENTIONS

A detailed discussion of major aspects of the TRP system is

presented in this section. Users should pay particular attention to Sec. 5. 1,

which describes the implementation details of some of the more important

aspects of the TRP system. TRP input characteristics, module structure,
output print, trajectory design and reconstruction, and general argument

functions are described here. Programmers will be particularly interested

in Sec. 5. Z, which outlines the programming conventions used in the original

design of TRP; these conventions should be adhered to in further program

development. Program symbols, FORTRAN statement conventions, program

variables, table and file usage, and utility subroutines are presented. How-

ever, both users and programmers should scan the entire section.

5. 1 TRP CHARACTERISTICS

To best use the program, the user must be familiar with the

TRP characteristics described here. The mechanization principles used in

the design of TRP are stated in this discussion.

5.1.1 TRP Input Characteristics

5. 1. 1. 1 Dictionaries

The input and output labeled common sections for each module

are used as dictionaries during input processing. The Hollerith representa-

tion of each symbol is preset in the symbol's location through the use of a data

statement for each labeled common statement. Since this set of labeled com-

mon statements and data statements resides in contiguous block data subrou-

tines, it is possible to refer to the total set of I (input) and V (output variable)

sections as one large array. A symbol can thus be located through its relative

location with respect to the beginning of the SERI data block. This dictionary

is necessary only during input processing and is initialized via overlay link

TRP2 (see INPZM, Sec. 2. 2, Vol. II).
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The labeled common sections in TRP2 are identical in size and

format to those in TRP3 so that the relative ordering established in TRP2 is

preserved in TRP3. Program checks are made in TRP3 to ensure this
ordering and format.

5. 1. . 2 Mnemonic Input

All input to the TRP system is entered with identification

regarding the following:

* Vehicle number

* ESN (event sequence number)

* Module name

* Parameter name or relative address

Vehicle numbers and ESNs are always entered as numerics. The module

name is entered symbolically, just as it is used in the program. Any

parameter can be input to a module either symbolically or relative to a

mnemonic entry (other than its own). All TRP parameters are defined in

Sec. 2, Vol. II. Appendix A contains an index of all TRP parameters, cross

referenced to Sec. 2, Vol. II.

The great advantage of mnemonic input lies in the ease with

which the user can communicate with the program. This communication can

be quite natural, too, since symbolism can be assigned in a way that is easily

correlated with mathematical symbol conventions.

5. 1. 2 Module Structure

5. . 2. 1 General Module Characteristics

Each module is composed of five physical sections. These

sections vary considerably in content from module to module, but functionally

each is invariant for all modules (with the possible exception of the Service

module). The five module sections are as follows:

G Model selection, or M section

* Data input, or I section
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* Model section

0 Output variable, or V section

6 Subroutine, or S section

A module is identified in the TRP system by its mnemonic, which is related

to its module name (Table 1-i). The diagram presented in Fig. 6-I sum-

marizes the composition of a module; Sec. 5. 1.2.2 describes the module

sections in detail.

5. 1. 2. 2 Module Sections

5. 1. 2. 2. 1 Module Selection (M Section)

The first se-tion of a module is identified by the mnemonic

X X X X4M; it of course also identifies the module name. The mnemonic

then identifies the entrance point to the module.

The function of this section is to select the appropriate model(s)

to execute, to execute that model, and to exit. Modules controlled by INTXM

do not have an M section because they have identical model entrance logic;

therefore, INTXM actually executes the appropriate model for these modules.

5. 1.2.2.2 Data Input (I Section)

This module section contains all parameter words and table

names that may be assigned inputs during a simulation. All data cells in this

section of a module can be supplied with input at event initialization by pro-

cessing routines driven by TSPXM. Once data is entered into the I section of

a module it remains there, unaltered, until it is replaced by a new piece of

data or modified by an initialization model. It is standard TRP operating

procedure that the inputs to the I section of a module can only be modified,

replaced, or zeroed out by initialization models.

The first two or three parameters in the I section of each module

identify the models to be used in the module; the number of parameters (two or

three) depends on the kind of models appearing in the module.
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X1 X2 X3X4M.
M Section: Standard entrance,

model selection logic, and exit

X1 X2 X3 X4 i

1 Section: Module input (storage)

X1 X2X3X4A

X1X2X3X4B Model Section: Models for initialization,

X1 X2 X3 X4 1 unity transfer, etc., depending on the
functions to be performed

XlX2X3X4V ]

V Section: Storage for variables
computed by the models of the
module

X1 X2 X3X4 S

S Section: Specific subroutine storage
for subroutines uniquely employed by
models in the module

Fig. 5-1. Module Composition
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Input to the I section of any module can be classified broadly

in the following three categories:

* Model selection inputs

* General one-cell data words

0 Table parameter words

In the first two categories, there is a one-to-one correspondence between an

input mnemonic and its program parameter (i. e., each mnemonic input has

one cell reserved in the input region of the module). However in the thiud

category, the input parameter to the module is almost always just the table

address; the table data itself remains in the BUCKET. A module input region

thus never contains excess storage for input data blocks of variable size

because this kind of data remains in the BUCKET. Two cells are assigned

to each tabular input; the first is the pointer to the data and the second is

used as a table multiplier, which is processed like general data input. To

input a table function multiplier, the tLble name must be specified as the

mnemonic using the general data input format.

5. 1. Z. 2.3 Model Section

The functions assigned to a module are executed through models

that reside in the model section of each module. The selection of specific

models through the M section provides computational flexibility and generality

within each module, while maintaining a high degree of explicitness at each

module entrance.

Ideally, a model performs a very straightforward function

(special-purpose and free of event-dependent logic'. It should consist of a

brief sequence of computer instructions that may, for example, consist

simply of a set of subroutine entrances; but in any event, the function assigned

to the model is clearly indicated by scanning the high-level sequence of instruc-

tions that comprisc the model. Thus, in programming language, a model is a

high-level "driver" for the computational function to be performed.

Models usually call on subroutines unique to the module that

appear in the subroutine section and/or on general subroutines that appear
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in the service module. All parameters and variables generated by a module

reside in the output variable section. All input required by a model comes

via the module input section or mnemonic communication with the I/V sections

of other modules.

5.1.2.2.3. 1 Model Nomenclature

Each module is uniquely identified by an alphanumeric symbol

of the form X1X2X3X4M. Similarly, each model in module X1X2X3X4 M is

uniquely identified by the symbols X1 X 2X3 X4 i, where i may be one of the
following symbols: 0 through 9, A through L, N, and P through Z. The sym-
bols M and 0 are thus the only alphanumeric symbols unavailable for model

names. The r2asons for the specified exceptions are obvious except for the

alphabetic character 0, which is arbitrarily considered equal to zero in all TRP

programming. The numeric symbols i0 through 99 are also available for model

names, if required. In the following sections, note that certain alphanumeric

characters are reserved for special kinds of models. The characters G, H,

I, and L are not available in model names if labeled common names cannot

match subroutine (model) names due to compiler restrictions, but G, H, I, and

L are used in model call words (Sec. 5. 1.2.2.3.3).

5. 1.2.2.3.2 Kinds of Models

Models can be broadly classified into two categories:

* Initialization models

• Main loop computational models

Initialization models are uually executed only once, at the start of each event.

They are always c:oncerned with input or computation of initial conditions,

wich are simulation- or event-dependent. Every module has initialization

models, except the Ynput Processing and Service modules. The earlier

alphabetic characters (A, B, and C) are reserved for this class of model.

All models not in the initialization class are lumped into the

major Main Loop Computation model category. All models in this class can

be called through input, and numeric names are generally assigned to them.
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The following specific model names are assigned:

Model U The Unity Transfer, or do-nothing
model

Models A, B, C, D, etc. Simulation or event dependent
initialization models

Models 1, 2, etc. Main loop, nontrivial, computational
models

5. 1.2. 2. 3.3 Model Call Words

TRP users select models through input by using model call

words, which are abbreviated, easily remembered mnemonics associated

with a class cf models.

rhe call word for all initialization models specifiable through

input is IN (the abbreviation of initialization). Three call words are used to
call all main loop computational models, but not all apply to every module.

The single call word GEN (an abbreviation for general main loop computational

model) is used for modules not capable of dual frequency computation.

For models capable of dual frequency computation, the call words HI and LO

are used for high- and low-f,-equency computational models, respectively.

The model call word- IN, GEN, HI, and LO are paired with the

module input parameters X X X3X4I, XiX X3X4G, X X X3X4H, X X X3X4L,1 23 4 1 23 4 12 34' 12 34'
respectively, by the INPZM module.

5.1.2.2.4 Output Variables (V Section)

All parameters and variables generated by models in a module

are either placed in cells reserved in the V section or lost because they were

placed in temporary storage. Thus, any parameter or variable generated

within a module and required for external use must be assigned storage in the

V section o! the module (temporary storage is not preserved from module to

module).

One of the conventions governing TRP system development is

that any entry in the V section of a module (this convention also applied to the

I section) may not be modified by another module. Any module is free to use

any other module's input or output entries, but is never permitted to modify
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an entry in another module. A notable exception to this convention is the

Integration Executive module (INTXM), which replaces the values of specified

integration variables.

The mnemorics assigned to variables in the V section are

subject only to the designer's discretion and to the restriction that each

symbol be different from any used elsewhere in the program. Certain

general conventions, however, have been adopted for symbol assignment.
5. 1.2.2.5 Subroutine (S Section)

To obtain simplicity in models, most computational details

required of a mode. are relegated to subroutines that are physically located

in the last section of the module, the subroutine or S section. A given module

subroutine is then available for use by any model to which it is applicable;

these subroutines thus form the basic building blocks from which most models

are developed. The S section is thus a library of building blocks for use by

the models of the module. When it is augmented by the general service sub-

routines of the Service module, a considerable amount of model building

material becomes available to each module. By convention, all subroutines

are ordered alphanumerically.

The subroutine section of each module terminates with th ,

model-associated print routines, which are executed for TRP printed output

(Sec. 5. 1.3). Any subroutine that may be used by more than one module is

classed as a service subroutine and must be physically located in the Service

module (SERVM). Modules, models, and subroutines thus form a three-level

hierarchy in lvhich the subroutine is the lowest.

5.1. 3 TRP Output Print

In TRP printing, the BCD name or the integer eqaivalent of

the print routine is obtained from Service module labeled common for each

module. This BCD name is supplied from an initialization model at execution

time, which allows a print routine to be defined for each model of a module.

The print routines for any given TRP configuration must appear in the YEOMAN

5-8



REQ deck, along with the corresponding initialization model. Print keys are

supplied with TRP outpuL print.

5.1.3. 1 Print Routines

Labeled common SERV5 contains the BCD name or the integer

equivalent of the selected print routine of each module. It would appear as:

COMMON/SERV5/I

1 SERV53, SERV5N,

2 LENVRP(i), LTMOTP(1), LRMOTP(1), LAERMP(1), LPROPP(1),

3 LSTRTP(1), LDPGXP(1), LCONTP(t), LCYCXP(1), LJUNKP'1),

4 LTRAKP(1), LSENSP(1)

COMMON! SERV5/

1 SERV5E

EQUIVALENCE

I (LENV, LENVRP), (LTMO, LTMOTP), (LRMO, LRMOTP),

2 (LAER, LAERMP), (LPRO, LPROPP), (LSTR, LSTRTP),

3 (LDPG, LDPGXP), (LCON, LGONTP), (LCYC, LGYGXP),

4 (LJUNI, LJUNKP), (LTRA, LTRAKPD), (LSEN, LSENSP)

where

LENVRP = BCD name or its integer equivalent for the ENVPM rnodu~e

LT MOTP =BCD name or its integer equivalent for the TM~oTM module

LSENSP = BCD name or its integer equivalent for the SENSM module
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5. 1.3.2 Print Initialization

A module's initialization model sets the BCD name of the

print routine, e. g., initialization model C of TRAKM would appear as:

SUBROUTINE TRAKC

c

c ..................... ':TRAKC (TRAKM)

C

c INITIALIZATION MODEL FOR TRAK3

C

INSERT, TRAI

INSERT, TRAV

INSERT, SERV5

INSERT.

C

DATA IPRINT/6HTRAKP3/

C SET PRINT ROUTINE FOR TRAK3

LTRAKP = IPRINT

c SET NUMBER OF TRACKERS

NOFT =RNOFT

299 RETURN

END

5. 1.3.3 Print Mechanization

SERVM subroutine PRNTI contains the following:

CALL PRNCN(LENVRP)

CALL PRNCN(LTMOTP)

CALL PRNCN(LSENSP)

SERVM subroutine PRNCN (NAME) matches the BCD name with

an internal dictionary. NAME is replaced by the dictionary integer equiva-

lence, and control is passed to the subroutine that matches NAME. The

integer equivalent is used on subsequent calls.
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I
The computation model print routine calls the print driver:

SUBROUTINE ENVRP

CALL LINE(10, 5HENVRM, H, RGRV, PRES, LTCV, LATV. LONV)

399 RETURN

END

SERVM subroutine LINE performs the actual printing of the

iesired information using the TRP standard format:

SUBROUTINE LINE(I, H, A, B, C, D, E, F)

where
Print line I = line number

H = Hollerith name (5HNAMEX) or (1H)

A through F = items to be printed on the line

5.1.4 Trajectory Design and Reconstruction

Techniques and processes that facilitate the problem of

trajectory design and reconstruction are mechanized in the modules ITERM,

PFRPM, and ITIFM, which collectively are called PFRP. The trajectory
design problem generally requires parameter iteration and trajectory shaping,

which lead to a satisfactory trajectory by iterative techniques and/or analytic

solutions.

Trajectory design problems arise because of trajectory

constraints that limit the family of trajectories acceptable for successful

mission completion. Selecting a satisfactory constrained trajectory often

involves considerable parameter iteration; the pertinent trajectory parameters

are determined through a combined iteration and convergence process.

The other side of the coin is trajectory reconstruction. An

acceptable mission, or one that is assumed to be acceptable, is evidenced by

a time history of observations (usually radar measurements); the methods by

which it was performed or the exact mechanisms utilized may be only partially

known.
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I
In TRP, a trajectory may be reconstructed in two ways. The

first method uses the observations as forcing functions and applies inverse

transformations to obtain the trajectory. The second method requires an

iterative process in which the assumed methods are modeled by input. Model

unknown:s are estimated by TRP measurement models, which are either

implicit or explicit functions of the parameters estimated, to match the

observed data.

Both trajectory design and trajectory reconstruction problems

may thus be solved using TRP.

5.1.4. 1 Iteration Parameters

One of the primary design criteria for TRP iteration was the

capability to estimate any parameter that co'ild b, input to the TRP program.

This goal could only be met by using perturbation techniques for approximating

partial derivatives associated with iteration. The primary disadvange of this

technique is that m+1 trajectories must be run to esimate m parameters;

this can be expensive in terms of machine time. Seve'al techniques were

implemented to alleviate this condition. T'ie first was to run only the portion

of the trajectory affected by a parameter. This technique was made possible

by using program images, written on a program file, of the input and output

sections of the modules thus enabling a restart of the trajectory at any de-

sired event. The use of local variables for flags could defeat this technique,

so this practice has been discouraged.

The second technique for minimizing the number of trajectories

run is the major and minor loop concept in PFRP. A major loop consists of

a nominal trajectory and the m trajectories used to evaluate measurement

partials with respect to the parameters. A minor loop consists of only a

nominal (residual) trajectory resulting from new parameter estimates using

the previously evaluated partials. Tests are mechanized to ensure that

linearity and improvement are maintained; otherwise the program reverts to

a major loop. A typical problem on TRP averages three or four minor loops

per major loop and converges in many fewer trajectories than if major loops

only are used.
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A thi-d technique for minimizing run time is the use of analytic

partials for measurement biases. The partial derivative is simply one for

associated observations and zero for all others. Additional analytic measure-

ment partials are being examined, but several mechanization problems must

be resolved before any coding can be initiated.

A fourth technique for reducing machine time is to save the

partials from one run on tape and to use them on subsequent runs, starting

immediately into the minor loop process.

The inputs associated with the above techniques plus the defini-

tions of the iteration parameters are input to module ITERM at the first event.

The iteration variable table is an open-ended table used for this purpose.

5.1.4.2 Observations and Measurements for Iteration

As for iteration parameters, the design goal for iteration

measurements and observations was to be able to use any variable computed

by TRP as a measurement to be matched against input observations. This

goal has been achieved for all known measurement types. If a measurement

model does not exist in TRP for a given observation, the customary procedure

is to model the equation in the general argument function (Sec. 5. 1.5). If a

sufficient number of cases are expected for this observation, a measurement

model is coded into the program.

Observations may be input to TRP either by cards or tapes,

and the associated TRP variables are designated by an input table. A

significant feature of the TRP iteration method is that everything known about

the vehicle and all observations collected may be treated simultaneously in a

consistent manner. The only constraints are those imposed by machine

storage space and the amount of machine time a user is willing to invest.

5. 1.5 General Argument Function

The general argument function (ARGS) is a TRP characteristic

by which a user can specify by input equations n. formally a part of the

program. These equa.ions can be thought of as a logical extension of the

auxiliary computation characteristics of TRP. ARGS may be used for event
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criteria, table arguments, steering equations, plot variables, special print

parameters, variables for other ARG equations, or as observations or
arguments in TRP iteration methods. General argument functions are calcu-
lated when required by subroutine AUXF (as are other auxiliary parameters).

The ten ARG equations, whose components are specified by

input data, are of the form:
ARG. =f( IC f1 A 1  f2 AiV 2 ) +CV)i

[A i C : f I (Ai V )I: f 2( Az : f3 (AiV 3 ) f4(AiV4
)

i 0 through 9)

where

AiCi , AiC 2 = input scaling constants, preset to 0.

A.VIP A iV2 = input specified variable names 1 and 2,
1 pr-sent to FPI. (floating point one)

AiV 3P AiV4 = input specified variable names 3 and 4,
preset to FPI.

A P = power to which the ARG. variable is
1 raised, preset to 1. 1

f = option flag for the ARG. equation,
preset to 0. 1

ft If 2, f 3 Pf 4 
= option flags for variables 1, 2, 3, and 4,

preset to 0.

Each of the four variables on the input side of an ARG equation may be operated
on independently by option flags f through f4' and the ARG equation itself by

option flag f. All possible option flag selections are discussed in Sec. 2.4,
Vol. II (SERVM input descriptions).

5.2 TRP CONVENTIONS

TRP programming conventions to encourage standard practices

and to provide consistently high quality have been established.
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5. 2. 1 Program Symbols

Symbols used in TRP programming must be six characters

or fewer and should impart meaningful information as to function or source,

with units, component, and coordinate system (if applicable).

5. 2. 1. I Mnemonic Usage

Some significant mnemonic conventions are:

Each module name must end with the letter M (SERVM,
MPEXM, etc.)

The fourth character of each executive module is X

Initialization models are identified by an alphabetic
character

Main computational models are identified by numerics

Mnemonics for program flags end with the character F
(AUXF, CYCF, PIF, etc.)

Matrices are identified by the coordinate frames involved.
The matrix transforming from the A to the B frame is
thus denoted as [AB], and the mnemonic identifying the first
element of this matrix array is labeled AB I.

Position, velocity and acceleration variables (except gravity)
are identified with the prefixes P, V, and A, respectively.
The component and pertinent coordinate frame are also)
indicated in the mnemonic, e.g. :

VXI = X component of total velocity in the I frame

AZG = Z component of total acceleration in the G frame

PXIO = initial X component of position in the I frame

ASYB = Y component of sensed acceleratio-i in the B frame

Force components are identified with the lead character F:

FAXB = X component of aerodynamic forces in the B frame

FTYB = Y component of thrust in the B frame

FTM = magnitude of the thrust vector
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Subroutines are named by four- or five-letter mnemonics,
which usually suggest the function to be performed.
Alternatively, the first two letters of the modu!e foll3wed
by the character S and the subroutine number are given, e. g.:

CYSI = subroutine I in CYCXM

TMSIO = subroutine 10 in TMOTM

M'£RXI = matrix transformation routine I in SERVM

Mnemonics for variables and parameters are restricted to six
characters or fewer

Unique mnemonics are used throughout the basic system

The alphabetic character 0 is used only in COMMON,
DIMENSION, or as a lead character. The third character
of PROPM is thus the number zero. No lead numeric is
permitted in any mnemonic

5.2. 1. 2 Program Constants and Temporary Storage

A set of program constants (Scc. 2. 4. 3, Vol. II), to be used in

preference to individually defined constant's on a model basis, have been
assigned to the Service module (SERVM) as labeled common. This assures

consistent use of fundamental constants throughout the TRP system, especially

conversion constants and frequently used floating and fixed point numbers.

Four types of temporary storage cells are also defined:

ITOO - ITXX (integer)

TOO -* TXX (real)

IAO0 - IAXX (irtcger)

AO0 - AXX (real)

where XX indicates numbers in increasing size. ITXX and TXX cells may be

used by all modules excdpt the Service module; the contents of the cells are

not preserved fro,-n module to module. IAXX and AXX cells are used primarily

by the Service module, but they may be used by other modules (with caution,

because the contents may be destroyed).
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5.2. 1. 3 Integration and Integration Lists

Each module controlled by the Integration Executive module

(INTXM) may specify a list of variables to be integrated, which is known as

the INTXM master integration list. The manner in which the modules specify

their integration variables is to call Service module subroutine SINT, one call

per variable. The parameters in each call consist of three words:

Integration variable

Derivative

Integration flag:

0 = do not integrate this variable (null)

1 = low frequency integration is required

2 = high frequency integration is required

4 = trapezoidal

10 = single frequency with accuracy control for INTX4

The specification of each variable's integration is performed by

the modules at all event times necessary to satisfy the computing requirements.

A sample TMOTM integration setup is:

CALL SINT(PXIP, VXIP, 1)

CALL SINT(PYIP, VYIP, 1)

CALL SINT(PZIP, VZIP, 1)

which specifies the integration

Pf =f Vi dt

The specification of the first-order portion of a second-order integration

should be physically located after the second-order specifications, e. g.,

For model INTX4, the flags have been preset to provide accuracy control
information. The flag value divided by 10 gives the number of digits of
accuracy required.
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VXIP integration should be specified after PXIP integration. Following this

procedure ensures that timing problems are mini-nized.

5.2.2 Statement Cards

5.2.2.1 Statement Numbering

Statement numbers shouid be used in increasing numerical

order, with gaps in numbering of 10 o! more to allow insertion of new numbers

between two existing statement numbers. The return sta'enent number at the

end of each module entrance routine should be 199, the return statement

number at the end of each model should be 299, and the return statement

number at the end of each subroutine other than a model should be 399.

Continuation cards for a FORTRAN statement should be

numbered consecutively from 1, 2, ... , 9, A, B, etc.

5.2.2.2 Comments Cards

Comments cards (C in cc 1) should be used following the sub-

routine name identifying the module to which the subroutine belongs, the

intended usage of the routine, and the parameters used in thF. calling sequence.

A sample commentary for the Service module subroutine ASIND

identification might be:

1 31 71

c

c * * "  * ASIND (SERVM)

c

c ARC SINE IN DEGREES

c

c A = ASIND{X)

c X - SINE OF A

c

Comments should also be sprinkled liberally through the coding, in detail

sufficient to identify the function the coding is to perform. Commentary

should start in cc 31 for ease of recognition.

5-18

L



i

5.2.3 Program Variables

5.2.3. 1 Labeled Common

Each module has two areas of labeled common, one for input

variables and table addresses and another for output variables. The name

associated with each contains the first three characters of the module name

followed by an I or V to designate the input or output section, plus a number

(I to n), except for the first in each I and V section. The first word in each

block has the block name followed by an S and is the size parameter of the

block, and the second has the block name followed by an N and contains the

name. For the first block in the input s-ction, the next words is the initializa-

tion model name followed by the computation model name(s). All are the

integer type, followed by the variable names in the other blocks. The last

word is the block name followed by an E, preset to 3HEND, e.g.:

COMMON/TMOI/TMOIS, TMOIN, TMOTI, TMOTL, • , TMOIE

COMMON/ CYCII/CYCI1S, CYCIIN,QOPI, •- •, CYCIIE

_) j For modules driven by INTXM, the computation model names end in L and H

to designate low or high frequency models. Those external to INTXM have

only one computational model which ends in G to designate the general model.

Table variables must be two-dimensional; the first cell con-

tains the BUCKET location of the table data, and the second cell the table

multiplier. The second cell is preset Hollerith with the table name in TRPZ.

The value of the multiplier is present in TRP3.

Variables in labeled common are spaced evenly across a page,

six per line, to maintain legibility (the corrmas should be in cc 17, 28, 39,

50, 61, and 72). Data statements with name and value are spaced three sets

per line for the same reason (the commas are in cc 31 and 52).

The size parameters at the start of each labeled common area

are used for two purposes: as a stepping stone for incrementing through the

labeled common by the data processing routines and as a flag for the intermedi-

ate image subroutine (a negative number, preset to 5HSIZEN indicates that an
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I
image is not to be made and a prItive number, preset to 4HSIZE, indicates

that an image of that data block is to be made). The second wod is preset

Hollerith with the block name.

All symbols in the labeled common blocks are preset Hollerith

by data statements i TRP2; the name of the symbol serves as a dictionary

and presets values in TRP3. Note that the common blocks should be identical

in TRP2 and TRP3, or input will be made to the wrong areas.

5.2.3.2 Blank Common

The blank common area is reserved for the data BUCKET

sections that reside permanently in core (including event criteria list data,

table data, general data, secondary vehicle storage, and parameters associated

with case and data locations). No other use of blank common is permitted.

5.2.3.3 Local Variables

The creation or use of local variables in subroutine coding is

discouraged; use the Service module temporary storage cells whenever

possible. TRP is an overlay program; local variables set on the first call of

an overlay do not retain the same values on subsequent calls of the overlay.

If the contents need to be retained, a new cell in the module variable data

(V) should be defined.

5.2.4 Table Usage

Each table in TRP reqaires two cells of storage in the input

section of a module labeled common. The mnemonic used to define the table

should end with the letter T. The first cell of the two-word labeled common

array is filled at event initialization time with the BUCKET relative address

of the table data by data processing routines executed by the TSPXM module.

The second word contains the table multiplier for I type tables or an option

flag for T type tables. Tables using an I conversion code are interpolation

type tables, which are evaluated by the Service module function GTBLU. Data

blocks are input using the T, or tabular conversion code, T tables permit

intermixing of Hollerith and decimal data for special applications.
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In the TRP2 overlay, the second word of the labeled common

table array is preset with the table name. An input processing routine of the

INP2M module can then match this name against an input name and replace

the input name with the SERI labeled common relative index to enable match-

ing in overlay TRP3.

The second word of the table array is preset (for I tables) by

a data statement to the value one. This value is used as a table multiplier

for all tables evaluated by GTBLU. At event time the first cell is filled by

the relative address determined in the TRP2 overlay.

5.2.5 TRP File Usage

Tape assignments are defined in the Service module labeled

common SERIi. Al! references to tapes must be made using the mnemonic

name rather than the integer tape number; otherwise input tape assignment

changes cannot be made (Table 5-i).
Tape operations should be referenced in the following manner:

WRITE (ITDATA) List

READ (ITIMGR) List

REWIND ITIMGR

END FILE ITIMGW

IF (EOF (ITIMGR)) 10, 20

External setup operations (control cards and program card)

must use TAPEnn (TAPE99 corresponcs to ITDATA).

5.2.6 Utility Subroutines

5.2.6. 1 MODX Routine Usage

The MODX routines of the Service module are used to translate

and execute the initialization or computation models of modules. The MODX

routine consists of a Hollerith dictionary of model names and a matching GO TO
statement containing statement numbers that call the model, e. g.:

CALL MODX35(TMOTI)
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Table 5-I. TRP Tape Reference Names

Name Description Preset (integer)

ITDATC BCD punch card images (F".ICH} 3
ITINPT BCD input card images (INPI) 5
ITOTPT BCD printed output (OUTPUT) 6

MSUMRY BCD run summary 13
(equivalent to 74)

ITPRNT Auxiliary BCD printed output 74
IBIN Binary input data deck 76
OBIN Binary punch of input data (PUNCHB) 77
ITINTG Contains block print format 78
ITCIMG Case image of input data 80
ITT IPL Residual plot data. PFRP tape I 81
ITT2PL Residual plot data. PFRP tape 2 82
ITT3PL Residual plot data, PFRP tape 3 83
ITT4PL Residual plot data, PFRP tape 4 84

ITTSPL Residual plot data. PFRP tape 5 85
ITT6PL Residual plot data, PFRP tape 6 86
ITT7PL Residual plot data, PFRP tape 7 67

ITT8PL Residual plot data. PFRP tape 8 68
ITT9PL Residual plot data. PFRP tape 0 6q

ITAKTP Observation partials tape for PFRP 87
ITMATP Weighted observation partials 88
ITITIM Iteration image 89
ITGUID Inertial position ar.d velocity for PFRP

RTC output 90

ITDATI PFRP observation input tape 1 91
ITDATZ PFRP observation input tape 2 92
ITDAT3 PFRP observation input tape 3 93

ITDAT4 PFRP obbervation input tape 4 94
ITDAT5 PFRP obsc'¢ation input tape 5 95
ITDAT6 PFRP observation input tape 6 96

ITTMGR Intermediate image read 97
ITIMGW Intermediate image write 98

ITDATA Data tape 1 99
ITDATB Data taFe 2 75

ITPFSV Labeled common image for ERR2 andcarryover parampter tape for TSPXI
ITCOVM Covariance matrix carryover to the

next case 73

T9300 9300 BCD output file 70
IFTRP Unblocked BCD auxiliary input file 71

These units cannot be changed by input to TRP (SERVM).
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where TMOTI contains 5HTMOTB, the input specified TMOTM initialization

model. When the dictionary translation is completed, the call to MODX35

results in:

110 CALL TMOTB

RETURN

The call to the MODX routines is normally made in the M

section of a module except for modules controlled by the Integration Executive

module (INTXM), which are called by subroutine CINDER to evaluate deriva-

tives. The MODX routines are used as follows:

MODXI Reads overlay 3, 1 (executive modules)
and MPEXMV

MODXZ Reads overlay 3, Z (derivative models)
and executes the integration model

MODX3 Reads overlay 3, 3 (iteration information
models)

MODX4 Reads overlay 3,4 (iteration models)

Mol.x5 Reads overlay 3, 5 (initialization models)
and executes the integration initialization model

MODX6 Reads overlay 3, 6 (print overlay)

MODX3i Executes the models that reside in overlay 3, 1
(1 _5 i _5 5)

PRNCN Executes the subroutines in overlay 3, 6
(print control execution)

MODX3, 4, 5, and 6 are entry points that reside in Subroutine MODXZ.
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5.2.6.2 Trigonometric Functions and Subroutines

The following trigonometric functions and subroutines are

Contained in the Service module. These routines should be used to ensure

compatible results in all TRP program areas. The calling sequences and

outputs are:

A = ACOSD(X) Arc cosine (X), deg (0 - A 5 180)
A = ASIND(X) Arc sine (X', deg (-90:5 A 5 90)
A = ATAND(X) Arc tangent (X), deg (-90 <A -< 90)
A = ATAND2(X, Y) Arc tangent (X/Y), deg (- 1 8 0 5 A M180)

X = COSD(A) Cosine of angle A, deg
X = SIND(A) Sine of angle A, deg

X = TAND(A) Tangent of angle A, deg

CALL SCFD(A, SX, CX)

where A is the angle (deg), SX is the sine function output, and CX is the

cosine function output.

The arc function routines for sine and cosine have built-in

error tolerances for numbers slightly larger than one. Values greater than
one but less than the tolerance are set to the value appropriate to the argu-

ment of one.

5.2.6.3 Vector Functions and Subroutines

Several vector (three-dimensional) functions and subroutines
are available in the Service module for use in TRP programming:

CALL AVECT (A, B, C) Cross product (C = A x B)

C = DVECT (A, B) Dot product (C A. B)

G = VSQRT (A) Norm of vector (C = (A . A)
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5.2.6.4 Matrix Operations

Matrix multiplication, rotational matrix eval2ation, and

matrix equation subroutines are contained in the Service moaule to facilitate

TRP programming:

* 3 x 3 matrix multiplication: (Z) = (X) (Y)

X = (3 X 3)

Y = (3 X 3)

Z = (3 X 3)

Array Storage
Call Statement X Y Z

CALL M33CCC(X, Y, Z) Col. Col. Col.
CALL M33CCR(X, Y, Z) Col. Col, Row
CY-R
CALL M33CRC(X, Y, Z) Col. Row Col.
CALL M33CRR(X, Y, Z) Cl. Row Row

CALL M33RCC(X. Y, Z) Row Col. Col.

CALL M33RCR(X, Y, Z) Row Col. Row

CALL M33RRC(X, Y, Z) Row Row Col.
CALL M33RRR(X, Y, Z) Row Row Row

3 X I matrix multiplication: Z = (X) Y

X =(3 X 3)

Y =(3 X 1)
Z= (3 X t)

CALL M3IC(X, Y, Z) Z stored by columns

CALL M3IR(X, Y, Z) Z stored by rows

Note that a transpose is indicated by specifying that the matrix be

stored opposite to the manner in which it actually is stored.
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* General matrix multiply: (Z) M X (Y)

X (M XN)

Y (N XP)

G.AT.TJ MTRX5(X, Y, Z, M, N. P, 1)

Option Flag Array Storage

I x Y z

0 Cot. Col. Col.

I Col. Col. Row

2 Cot. Row Col.

3 Col. Row Row

4 Row Cot. Col.

5 Row Co". Row

6 Row Row Cot.

7 Row Row Row

* Rot .at Matrix ZL-valuation: Q)=(ROT) (P)

TransformL. a 3 ~(~--ho,,3nal matrix through three

angles a1 it any of thir - axes. The input,- matrix PI

may be a unit (IDEN' ZFY) matrix. The output matrix

Q may have t1-e same name as the input matrix. The

catting sequence is:

CALL MTRXI(P, Q,L, RipCi ~R20PR3Pa)

where P input matrix

Q output matrix

L =option flag for P. Q storage

-L P Q
0 Cot. Col.

i Col. Row

2 Row Cot.

3 Row Row
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Note that the transpose of either P or Q may be used.

R, R2 R = rotation axis choices of classes 0, t, 2,2'3
3 in arbitrary order. (The class specification is by
plus or minus integer; if minus, change the sign of the

rotation angle). The first zero or the third rotation
terminates the list.

at, aZ' a3 = rotation angles associated with RI, R2 , R3

Rotation matrix classes (0 = NULL) for a given a:

Class i Class 2 Clacs 3

0 0 Cos 0 -sin Cos sin 0

0 Cos sin -sin Cos 0

0 -sin Cos [sin 0 cos] 0 1

* Solution of matrix equation: X = (A) B. Cramer's Rule is

used to solve for X, where the determinant is evaluated by

the scalar triple product:

A = (3 X 3) matrix stored by rows

B = (3 X ) right-hand vector

X = (3 X i) solution vector

CALL EQNS(A, B, X)

Transformation matrix from orbit plane to inertial

coordinates. The call statement is:

CALL XY2RTC(X, RTC, I)

where

X = :-CI position and velocity vector (six elemeuts)

I = Option flag:
0 = X to RTC
S= RTC to X

RTC =Output transformation matrix (3 X 3),
in the order radial, intrack, crosstrack
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5.2. 6. 5 Data Retrieval

Several routines are used in the Service module to obtain

information from the four areas of the data BUCKET: event criteria list,

tabular data, general input data, and multiple vehicle data reservoir. The

routines are used as follows:

CALL DTSLI(IVEH, S)

Passes through the event criteria list data portion of the

BUCKET until vehicle IVEH is found and then executes

subroutine S to process each event.

CALL DTSLZ(IVEH, IESN)

Passes through the tabular data portion of the BUCKET until

vehicle IVEH and ESN IESN are found. It then executes sub-

routine DTSL4 for processing each table.

CALL DTSL4(I)

Sets the BUCKET address pointer in the input section of a

module for a table, starting at location I of the BUCKET.

F = GTBLU(I)

General table lookup of table I (Sec. 2.4, Vol. H).

CALL DTSL3(IVEH, IESN)

Passes through the general input data portion of the BUCKET

and executes subroutine DTSL5 for each input variable per

module when vehicle IVEH and ESN IESN have been matched.

CALL DTSL5(I)

Moves the general data from location I of the BUCKET to the

module input data area. Passes the auxiliary variable name

from location I+1 to input area+1 (if defined).
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CALL DTSLIO(IVEH, IESN)

Passes through the general data portion of the BUCKET

until vehicle IVEH and ESN IESN are matched and then

sets the location of the event description input into pointer

cell EVENT.

B = XVEH(A, IV)

Retrieves variable A from vehicle IV for routines requiring

cross vehicle information.

B = XVEHI(K, IV)

Retrieves the variable specified by a BASKET relative

location from vehicle IV for routines requiring cross

I common, to6.6wMi cllaneou Olatldos nnmsar eaievehicle information. BASKET is the first cell of labeled

common, to which all labeled common names are relative.~5.2. 6. 6 Miscellaneous Operations

Numerous additional routines are available in the Service
module for transmitting information internally or externally. Some of the

more frequently used are listed below:

CALL AUXF(I)

Computes auxiliary variable I. If I is not an auxiliary, it is

set to zero by AUXF; otherwise, the computation for I is

executed. If I is negative, computes all auxiliaries.

CALL ERRi(M)

Makes an error print of the six Hollerith characters M onto

the standard output file and then returns.

CALL ERRZ(M)

Same as ERRI, except that the case is dumped and terminated.
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F = GTBLU(I)

Performs general table lookup on table I.

CALL IMUSB(SA, CA, ANGLE)

Computes an angle given the sine SA and cosine CA of that

angle. The magnitude of the angle is unlimited, but the

angle is not permitted to change by more than 180 degrees

per calculation.

CALL LINE(I, H, A, B, C, D, E, F)

Prints variables A through F on line I for H module

(or blank) onto a standard output file.

XLM = LMIT2(X,Y)

Limits the magnitude of X to IY I.

B = POLYI(A, X, N)

Evaluates a polynomial for B given the order N, coefficient

vector A, and argument X.

CALL PRNT1

Prints the normal TRP block print onto the standard output file.

CALL PRNT2

Prints the current event discontinuity header information onto

the standard output file.

AQ = QNTZ2(A, B)

Quantizes A by B and rounds oft to the next multiple of

B in A if half or greater.

AQ = QNTZ3(A,B)

Quantizes A by B. If negative, quantizes away from zero

(does not round off as in QNTZ2).
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CALL RAND i(A, N)

Random number generator. Normal distribution, zero

mean, and unit variance:

A = random number

N = integer starter for random sequence, stored
and retrieved from this cell
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SECTION 6

ERROR CHECKING, ABORT PROCEDUTIES, AND

SPECIAL FEATURES

Wfhen TRP runs terminate abnormally, various diagnostic

codes and comments are printed at the termination point to indicate the error

condition detected. These codes and comments are explained in this appen-

dix; the corrective action to be taken is also indicated whenever possible.

This appendix is divided into the following categories:

Execution errors Errors detected when the trajectory is

being simulated

Systems errors Errors detected by the operating system

Input errors Errors detected while input d'a cards
are being processed

6. 1 TRP EXECUTION ERRORS

Error Code Module Description

ABGKIZ AERMM Error in model AERMD. Check inputs of

coefficients.

ACOSD SERVMMi )  Arc cosine function error (cos a > 1.01).

AERMH AERMM Error in model AERMH. Computations have

yielded unreasonable results. Check inputs.

ARGF SERVM Occurs when the function code for an overall

ARG equation is specified as tabular or a vec-

tor square root. Also occurs if a dot product

function code is specified for variables 2, 4

or the overall equation.

ARGFR SERVM Occurs when the function code for an overall

ARG equation is specified as random noise

(option 19).
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Error Code Module Description

ARGFXV SERVM Occurs when the function code for variables

1, 3, or the overall equation is specified as

crossvehicle (option Z0).

ARGI SERVM Generalized argument (ARGi) is indirectly a

function of itself.

ASIND SERVM ( I )  Arc sine function error (sin a > 1. 01).

AUX 36 SERVM This ARG function option is not available.

AUX 37 SERVM This ARG function option is not available.

AUX 41 SERVM This ARG function option is not available.

BIAS P INTERM Trying to use other than a function value of
a tabular bias partial. Check ITVT inputs.

DTS = 0 CYCXM Integration step size equals zero. Indicates

that the input step size associated with the

active time channel is zero (NTCZ = 1. and

DTGIi = DTGI2 = 0.).

DYNF X INTXM Logic error in integration equations; flag

value bad. This should not happen.

ENDCAS MPEXM This is not an error condition, but a dump at

the normal end of a case in response to the

input, DMPF 1 0.

ESN = 0 TGOEM An event has been reached, but the ESN (event

sequence number) is undefined. This occurs
when alli:nci is trying to stage but has named
an ESN that is not being monitored. It usually

means that events have occurred in an unex-

pected sequence.

GTBLU SERVM 1 )  Logic error in the general table lookup rou-

tine. Machine error.
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Error Code Module Description

GTBLUI SERVM 1 )  Illegal entry to GTBLU (general table lookup

routine). Occurs when a table argument is

an ARG function whose evaluation depends on

another table.

HALVE INTXM Problem in model INTX4; had to cut step size

in half too many times in succession to meet

error tolerance. Check inputs for error

tolerance and step size.

IMPACT ENVRM Vehicle has impacted (H < CRASH). CRASH
is an input,

This can be due to a number of errors, some

gross and some very small. In general it

means that the vehicle has failed to reach

orbital velocity and has reentered the atmo-

sphere unexpectedly and impacted. Some

possible sources of error are:

a. Thrust is insufficient to overcome the

weight, and the vehicle sank at the pad.

b. The final event (H = 0) was missedJ due

to an input error in the event criteria.

c. Trajectory was perturbed enough to miss

orbital velocity.

d. Event criteria input incorrectly, forcing

negative integration to impact.

e. Event criteria input incorrectly for a

primary event, creating an unachievable

condition, and resulting in an impact

error.
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Error Code Module Description

INTXZ INTXM Model INTX2 is being requested by input; not

available.

ITSO F ITEEM End of file encountered before finding desired

ESN of iteration image. Probable machine

error.

ITSO P ITERM Iteration image parity error. Probable

machine error.

IV)RDP SERVM This error condition indicates that the size

of labeled common in overlay TRPZ is not

the same as in overlay TRP3. This indicates

a programming error in modifying labeled

common storage.

LOSBAD TMOTM Error in model TMOTD; line of sight does

not intersect the earth.

LOSI, 2 TMOTM Same as L)SBAD, but at times Ti and TZ.

LFDT = 0 INTXM Low frequency step size (AtL) from CYCXM

equals zero.

MASS = 0 TMOTM Mass :s 0. Equations of motion cannot be I
solved with a zero mass.

MODEL SERVMMi )  An undefined model has been selected by

input. The erroneous model will be printed

preceding this error code.

M¢DPR SERVM Trying to use a nonexistent print routine. v
May need to recompile to get subroutine.

MPEXC MPEXM Model MPEXC is being requested by input;

not available.
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Error Code Module Description

NIVERR INTXM Too many integration variables have been

assigned. Set input NIV for the correct

number.

NO NTC CYCXM None of the three time channels has been

indicated to be active. NTCI, NTC2, and/or

NTC3 must be set nonzero.

OLSMDL OLSTM Illegal model requested, acceptable names

are SNOP, SDIF, SVECT, GTMI, and GTMZ.

PXIEI SENSM Complaint from model SENSC that model was

executed without tables of satellite position

input.

REED P SERVM Ten consecutive parity errors while reading

a file. Machine error.

RITE P SERVM Ten consecutive parity errors while writing

a file. Machine error.

THZLM RMOTM 02 > 72 deg using RMOTI (Euler angle integra-

tions). Switch to RMOTZ or redefine the gim-

bal system order.

TIVAL TMOTM Out of bounds on performing linear interpola-

tion on TiVAL tables

TMESNS TGOEM Too many events have been encountered and

exceeded storage allocation. Reduce the num-

ber of events in the input deck.

TRAP From Indicates that the operating system has dis-
System covered an error (Sec. C. 2).
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PFRPM Error Messages

INSUFFICIENT TEMP STORAGE FOR PFRP -

PFA SIZE IS XXXX, SIZE REQUESTED IS, XXXX

Reduce the dimensions of the problem or check for an MDIT

input error.

**PROBABLE SYMQR ERROR** INDICATOR=

The trace or square of the matrix solution indicates a probable

solution error. May be due to input specifications of weighting

or problem statement.

6.2 SYSTEM ERRORS

These abort conditions are detected by the operating system,

which sends control to the system control card following the EXIT control

card. This terminates the TRP case being run and sends control to the

abort/cleanup routine in TRP, which prints the error code TRAP, ends all
tapes, and dumps out the variable storage. TRP does not process data cards

for succeeding cases.

System-recognized errors are identified by the printing of the

error code TRAP. Further explanation of the type of error is found on the

system Dayfile.

DAYFILE Comment

MAX LINES EXCEEDED

More than the anticipated amount of printout has been generated.

TIME LIMIT

More than the allotted amount of CP time has been used.

BCD INPUT**ENDFILE INPUT

TRP control card i. (end of case) is missing.
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OPERATOR DROP

A comment from the operator will appear before this line,

indicating why the job was dropped. Usually caused by a

machine malfunction.

MT XX, UNRECOVERED WRITE (OR READ) PARITY ERROR

The indicated tape has an impassable bad spot. If the tape is being

read, it usually means that the tape will have to be recreated. If

it is a write parity, the job will have to be rerun.

BINARY INPUT**ENDFILE INPUT

In the iteration mode, this error can be caused by improper input

of the tape comparison variable table or lack of input of the table

itself. It may also be caused by starting a trajectory beyond the

start of the observation data on the tape.

ARITH ERROR

MODE I

Address out of range. Program or machine error.

MODE 2

Operand out of range (i. e., infinite). Usually caused by zero

divisors (argument not input for a table, inertial velocity = 0).

MODE 4

Indefinite operand. Caused by zero/zero or operations with

infinite ope ranis.

MODE 0 - ADDRESS 0

Field length too short for TRP to be loaded.
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6.3 INPUT ERRORS

Possible input data card errors discovered by the input

processor modules (INPIM and INP2M) are listed below. When these errors

are discovered, a comment is immediately printed and processing continues.

A flag is set, however, which disables the execution of that case and any

further cases.

PR-.'V!OUS CARD IS UNRECOGNIZABLE

Card code (cc 9) is not one of the following: blank, L, C, H, A,

P, I, E, T, N.

BUCKET LIMITS EXCEEDED

Too much general data for the data array. Array must be -xpanded,

or some general data must be deleted.

GENERAL DATA OUT OF ORDER

Binary milestone deck is probably out of order.

DELETION RANGE EXCEEDS TABLE, NOT DELETED

Tabular deletion range exceeds the data range. There is either

an error on the deletion range number, or multiple deletions were

not put in reverse order.

LAST TABLE PROCESSED HAS ARGUMENT OUT OF ORDER

TABLE NAMET

Independent variable mua. increase algebraically from first to

last entry.

TABLE DATA OUT OF ORDER

Binary milestone deck is probably out of order.

TABLE TO BE ALTERED (NAMET) DOESN'T EXIST

Table to be altered cannot be found. Check table name, ESN,

vehicle number, module, and subtable number.
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PREVIOUS DELETION CARD IS UNRECOGNIZABLE

Deletion card must have in cc 9: blank, L. I, T or Z.

BUCKET OUT OF ORDER

Binary milestone deck is probably cut of order.

ERROR THE SYMBOL XXXXXX IS ILLEGAL

An alphabetic character has been found in a numeric field.

DATA FOR DELETION NOT FOUND

Self explanatory. Check name, ESN, vehicle number a:d module.

SYMBOL XXXXXX IS UNDEFINED -- MODULE

Input symbol used is not in the dictionary.

SYMBOL XXXXXX IS MULTIPLY-DEFINED

Input symbol found more than once in the dictionary. Program

eerror.

SUB OR X-REFERENCED TABLE NOT FOUND

Table referenced in cross referencing or in a master table cannot

be found. Check the input.

ILLEGAL TABLE INTERPOLATION TYPE

Table interpolation type must be *0 through +25.

SEQUENCE ERROR IN DATA BUCKET AT - XX DATA

VEH=X ESN=XX MOD=XXXXX ITEM = XXXXXX

Binary milestone deck is out of order at the indicated location.

ILLEGAL RELATIVE NUMBER XX

Relative numbers for event criteria data must be 0 through 8.
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LAST TABLE PROCESSED DOES NOT HAVE A TERMINAL

FUNCTION VALUE, TABLE NAMET

The number of stored argument table entries must be even.

NO EVENT DATA FOUND FOR VEH X, ESN XX

If table or general data are iound for an ESN, event criteria data

must also exist.

NO. OF I/V SYMBOLS EXCEEDS SIZE OF SYMBOL ARRAY

Labeled common I/V storage has grown past the expected limit.

Program error.

XXXXXX INPUT MORE THAN ONCE-ERROR

T tables PLOTT and PLOTZT may not appear more than once per

case.

PLOT TABLE LENGTH IS XXX, MUST BE XXX OR LESS

Maximum number of entries in tables PLOTT and PLOTZT is 1000.

TABLE ENTRIES NOT IN PROPER ORDER

T type table GRAVTT entries are not in proper order. There are

four values per entry: n, m. 3, X; n must increase first, then m.

COPT VESN INPUT ERROR

Check inputs to T table COPT.

ITVT INPUT ERROR

Check inputs to T table ITVT

N-TABLE XXXXXX ARGS REVERSED, NZ=X, N1=X

The inputs for n-dimensional table lookup arguments must be

ordered with the largest array first, then descending.
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I LI
N-TABLE XXXXXX VALUES REVERSED X Y

The inputs for arguments must be in ascending numerical value

in each argument array.

N-TABLE XXXXXX SIZE WRONG, IS=X SHOULD BE Y

Check inputs; incorrect number of entries made.

CVRT SIZE NOT PROPER, SIZE IS, XXX

Input error made in CVRT table of ITIFM; inruffic'ent number of

entries.

ITVT SIZE NOT PROPER, SIZE IS, XXX

Input error made in ITVT table of ITERM; insufficient number of

entries.

ITVT CMPESN LT ITVESN

The specified comparison ESN for terminating partials is less than

the iteration variable ESN for table ITVT.

* *** XXXXXX NOT FOUND

Parameter XXXXXX in ITVT table was not found for ECL criterion.

****** TABLE XXXXXX VEH XX ESN XX NOT FOUND

Table named XXXXXX was not found for VESN requested in the

ITVT table.

ITVT UPPER BOUND LT LOWER BOUND

Bounding inputs numerically inverted in the ITVT table.

6.4 CHECKPOINT UTILIZATION

There is no checkpoint utilization in TRP.

6.5 SPECIAL CODING

There is no special coding in TRP.
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APPENDIX A

SYMBOL CROSS REFERENCES

TRP program symbols, sorted alphabetically, are listed on

pp. A-Z through A-41. Each symbol is identified as an input (I) or a variable

output (V). The labeled common name with the implied module is shown in

the LCOM column, and the relative location of the symbol within the labeled

common is shown in the LOC column.

TRP program symbols, sorted alphabetically by module, are

listed on pp. A-42 through A-94.
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APPENDIX B

SUBROUTINE LIST

TRP subroutines are listed alphabetically with their order

numbers on the following pages.
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APPENDIX C

SUBROUTINE CROSS REFERENCE LIST

TRP subroutine cross references are listed on the following

pages.
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APPENDIX D

REQUIRED COMMONS AND EXTERNALS

Required commons and externals are listed by subroutine on

the following pages.
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